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ABSTRACT
When organizations create new strategy maps, key new processes are often
identified. This is important for organizations to stay competitive in the global marketplace.
This document describes the development, implementation, and validation of a
framework that properly aligns and links an organization’s strategy and new process
development. The proposed framework integrates the Balanced Scorecard management
system (BSC) and the Design for Six Sigma (DFSS) methodology, leveraging their
strengths, overcoming weaknesses, and identifying lessons learned to help bridge the
gap between strategy development and execution. The critical-to-quality conceptual
model is used as an integrative component for the framework. Literature search has
resulted in little or no research into the development of similar frameworks. To
demonstrate and evaluate the effectiveness of the framework in a real-world environment,
a case study is carried out and implemented successfully. As the case study progressed,
cycle time as a performance indicator was estimated and showed progression towards
the targeted strategic objective. The developed framework helps decision-makers
seamlessly transit from a strategic position to process development linking strategic
objectives to the critical-to-quality features. This comprehensive framework can help
move organizations from where they currently are to where they want to be, laying the
background needed for customer satisfaction and breakthrough performance.
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CHAPTER ONE: INTRODUCTION
1.1

Introduction and Document Outline

Organizations in present rival market environment need to be able to not only
improve current processes, but also create new ones in order to sustain a competitive
edge in their respective markets and achieve their long-term strategic objectives. Newly
established strategy maps often reveal totally new processes that organizations must
create, focus on, and excel at to operationalize and properly execute their strategies and
be able to achieve their strategic objectives (Kaplan & Norton, 2008). This document
investigates the effective development, implementation, and validation of a framework
that integrates these two well-known models, the Balanced Scorecard management
system (BSC) and the Design for Six Sigma (DFSS) methodology. That is, the developed
framework aligns corporate strategy and new process development in order to bridge the
gap between strategy development and strategy execution, tying the BSC strategic
objectives to the DFSS project objectives and Critical-To-Quality characteristics (CTQs).
The developed framework can allow organizations not only to achieve strategic objectives
and improve customer satisfaction and business results, but also to carry out the
execution phase safely and effectively as it takes into consideration the accommodation
of customer needs in the deployment of new strategies. The integrative component used
to help bridge the gap between strategy and execution is the CTQ flowdown conceptual
model for project objectives. To the best of the author’s knowledge, the literature does
not reveal any evidence of such a comprehensive framework. A case study is used to
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demonstrate, evaluate, and validate the effectiveness of the developed framework in a
real-world environment.
As a result of the fierce competitive business environment, organizations need to
be able to properly set strategic objectives in order to sustain a competitive edge and
achieve long-term financial objectives (Kaplan, 1994). For that reason, a fine balance
between financial and nonfinancial objectives and measures is essential to be well
identified (Kaplan & Norton, 1992; Nair, 2004; Niven, 2005; Olve, Roy, & Wetter, 1999).
This has basically led to the evolution of the BSC, a strategic management system
developed by Robert Kaplan and David Norton (Ghalayini & Noble, 1996; Kaplan &
Norton, 1992; Niven, 2005; Olve et al., 1999). The BSC is a comprehensive management
framework that helps organizations’ executives enhance their strategic decision-making
and achieve improved business results through the proper translation of the
organization’s mission and vision into a linked set of strategic objectives and measures
(Kaplan & Norton, 1993; Nair, 2004; Olve et al., 1999; R. F. Smith, 2007). It paves the
way for the definition of the organization’s vital strategic objectives in a holistic framework
(Kaplan & Norton, 1996b). This management framework permits executives to oversee
and guide organizations through four perspectives: the customer perspective, the internal
processes perspective, the learning and growth perspective, and the financial perspective
(Evans & Lindsay, 2011; Kaplan, 1994; Kaplan & Norton, 1992, 1993; Nair, 2004; Niven,
2002). Each one of these four perspectives addresses how the organization is perceived
from each respective perspective. How the organization is perceived from the customer
angle is conveyed through the customer perspective. Strategic internal processes are
2

identified in the internal process perspective; these processes are those which the
organization must focus, outrival, and transcend to increase customer satisfaction.
Equally important to the previously mentioned perspectives, the learning and growth
perspective addresses the required capabilities needed to well execute internal
processes, meet customer needs, and increase customer satisfaction. Finally,
shareholders’ perception of the organization is identified and communicated in the fourth
and last BSC perspective, the financial perspective; the performance in the financial
perspective determines whether the executed strategy enhanced the bottom line financial
returns (Creelman & Makhijani, 2005; Evans & Lindsay, 2011; Kaplan & Norton, 1992,
1996a; Nair, 2004; Niven, 2005). Considering the dynamics of all the four BSC
perspectives, Kaplan and Norton conclude that an organization would realize improved
long-term financial returns if the customer needs are understood, essential internal
processes are identified, financial goals are well set, and capabilities needed to support
internal processes and attain customer satisfaction are recognized (Kaplan, 1994).
On the other hand, DFSS is a design methodology initially established as a
response to help organizations surpass the five sigma barrier associated with 233 Defects
Per Million Opportunities (DPMO) (Antony & Banuelas Coronado, 2002; Jiju, 2002). Even
though, DFSS is an effective design methodology, used to create new or rebuild existing
designs for products, services, or processes to operate at high performance (Antony &
Banuelas Coronado, 2002; Jiju, 2002), unfortunately, it accounts for only about twenty
percent of the Six Sigma literature (Campanerut & Nicoletti, 2010). Its main objective is
to produce a robust design that leads to satisfied customers and future cost savings by
3

avoiding potential sources of variation in the design stage (Liem, 2005). The high
performance designs can result in not only improved customer satisfaction, but also
greater market share (Antony & Banuelas Coronado, 2002; Mader, 2002, 2003). That is
because, this design methodology, heavily relies on the use of statistical analysis to
develop designs that can eventually drive down cost and increase customer satisfaction
(Jiju, 2002). In addition, DFSS methodology has several models yet they only differ in
terminology as they are all founded on the same principles (Antony & Banuelas
Coronado, 2002). One of these DFSS models is called DMADV which stands for Define,
Measure, Analyze, Design, and Verify (Gitlow, Levine, & Popovich, 2006; Voehl,
Harrington, Mignosa, & Charron, 2014; Watson, 2005). All of the DFSS models strive to
translate customer expectations and needs into Six Sigma based designs (Antony &
Banuelas Coronado, 2002).
This document is outlined as follows: research problem statement, research
objectives, research questions, and research contribution are presented in the remaining
portion of this chapter. The conducted review of literature is synthesized and presented
in chapter two. The chosen research methodology is described in chapter three. Chapter
four and five describe the framework development and case study execution with the
summary of results, respectively. Finally, in chapter six, the research conclusion and
recommendations for future research are presented.
1.2

Research Problem Statement

The BSC is a powerful strategic management system that provides a holistic
framework for organizations to achieve breakthrough performance in different dimensions
4

such as process, product, and customer (Kaplan & Norton, 1993). One of the four BSC
perspectives is the internal process perspective where organizations identify the key
internal processes they should focus on and excel at to satisfy targeted customers and
improve financially (Kaplan & Norton, 1992, 1996a; Niven, 2005). Internal process
perspective does not only deal with focusing on executing existing internal processes but
also creating new ones. Furthermore, when new strategy maps are created, entirely new
processes are often recognized to be essential for sustainability and competitiveness at
which organizations must focus on and excel at (Kaplan & Norton, 2008; Niven, 2005).
That is when organizations recognize potential business opportunities in new markets,
new customers, or new emerging needs for existing customers, they need to create new
internal processes to reach these new markets, satisfy new and existing customer needs,
and eventually achieve the organization’s long-term financial objectives (Kaplan & Norton,
1996a, 1996b). Because of that, organizations must spend enough time and pay close
and careful attention when creating new internal processes in order to ensure that the
newly developed processes help achieve the organization’s goals (Kaplan, 1994; Niven,
2005). However, the literature review does not show any evidence of a comprehensive
framework that properly aligns and links the strategy and new process development
process as developed and proposed in this research study through the effective
integration of the BSC and DFSS; such a framework is lacking.
1.3

Research Objectives

1. Rationalize the integration of the Design for Six Sigma methodology and the Balanced
Scorecard management system.
5

2. Develop an integrated framework that aligns the organization’s strategy and its new
process development process in order to help achieve strategic objectives, meet
customer needs, and achieve customer satisfaction through the integration of the
Balanced Scorecard and the Design for Six Sigma.
3. Execute the developed framework with a case study.
1.4

Research Questions

1. Can the Balanced Scorecard and Design for Six Sigma be effectively integrated to
properly align and link strategy and new process development?
2. How can executives transit from strategy to process innovation in order to meet
customer needs and achieve their satisfaction using the developed BSC and DFSS
integrated framework?
3. Does the implementation of the developed integrated framework provide alignment
between the organization strategy, new process development, and customer
requirements?
1.5

Research Contribution

The developed framework demonstrates an effective integration of the BSC
management system and DFSS methodology leveraging their strengths and weaknesses
to properly align and link an organization’s strategy and new process development, which
can contribute to bridging the gap between strategy and execution. The developed
framework utilizes the DFSS heavy reliance on the Voice of the Customer (VOC) and
statistical tools to produce customer based, cost effective, and high performance Six
6

Sigma based designs for new processes strategically needed through the BSC strategy
maps in order to achieve relevant strategic objectives, meet customer needs, and achieve
customer satisfaction. The developed framework introduces and realizes the required
alignment and linkage between the strategy of an organization and its strategy execution;
more specifically between the BSC and DFSS methodology in order to design and
develop new strategically critical processes in order to enhance business performance,
customer satisfaction, and financial returns. Moreover, the developed framework utilizes
the sense of integration the BSC provides to build the proposed framework (Kaplan &
Norton, 1993, 1996c). Additionally, the DFSS initiatives need to be linked to the
organization strategy in order to succeed (Antony & Banuelas Coronado, 2002; Liem,
2005; Mader, 2003; Yang & El Haik, 2003). With this in mind, the BSC constitutes the
backbone required for DFSS projects to succeed. That is because it links the DFSS
initiatives to the strategy of the organization that stems from its mission and vision in order
to strategically drive DFSS project objectives and results (Andersen, Lawrie, & Savic,
2004; Borut & Alic, 2010; Breyfogle, 2008; Heavey & Murphy, 2012; Kaplan, 1994; Kaplan
& Norton, 1992, 1993, 1996b, 1996c; Knowles, Whicker, Femat, & Del Campo Canales,
2005; Kubiak, 2003; Rodriguez & Furterer, 2008; Schwartz, 2005; Shahin, Dolatabadi, &
Kouchekian, 2012). Furthermore, the BSC provides the needed top management support
for DFSS initiatives to thrive (Liem, 2005; Yang & El Haik, 2003) through its holistic
framework (Kaplan, 1994; Kaplan & Norton, 1996b; Schwartz, 2005). Moreover, the BSC
achieves the proper required selection of DFSS projects based on their impact on the
organization’s overall strategy (Kaplan & Norton, 1996d, 2006, 2008) as reflected in the
7

DFSS literature (Antony & Banuelas Coronado, 2002; Yang & El Haik, 2003). To
summarize,

the

developed

framework

will

help

decision-makers

seamlessly

transition from a strategic position to process development which in turn can help
organizations seamlessly move from where they currently are to where they want to be
laying the background needed for customer satisfaction and breakthrough performance.
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CHAPTER TWO: LITERATURE REVIEW
2.1

Introduction

This research investigates an effective synergy of two well-known methodologies,
the BSC and DFSS to align strategy and new process development initiatives in order to
achieve the strategic objectives, meet customer needs and improve customer
satisfaction, and execute strategy more effectively and successfully. The literature has
not indicated any evidence of such an integration as developed and proposed in this
document. Chapter 2 is dedicated to develop a deeper understanding of each
methodology through the review of relevant literature. With the exclusion of the
introduction, chapter 2 is divided into five subsections. Section 2.2 and 2.3 provide brief
descriptions for the DFSS and the BSC respectively. Section 2.4 presents the DFSS
review of literature and section 2.5 presents the BSC review of literature. The literature
review conclusion is synthesized in section 2.6.
2.2

Design for Six Sigma Concept

Six Sigma improvement methodology was established by Motorola in the 1980’s
as an improvement approach that aims at reducing the cost of quality. It is used to improve
process performance and reduce defects to the 3.4 DPMO level. Many organizations
however are impeded by the five sigma barrier and could not achieve better than 233
DPMO. This has led to the creation of a design methodology, DFSS, which aims to
produce designs at Six Sigma level (Antony & Banuelas Coronado, 2002; Jiju, 2002). It
incorporates customer requirements to create innovative designs (Mader, 2003) through
9

a systematic methodology that profoundly uses statistical tools and analysis to drop cost
and enhance customer satisfaction (Jiju, 2002).
Unlike Six Sigma DMAIC improvement model, DFSS does not have a standard
model (Mader, 2003). There are various DFSS models yet they are all built based on the
same foundations. They take customer needs and expectations as inputs to produce Six
Sigma based designs (Antony & Banuelas Coronado, 2002). One of these DFSS models
is called DMADV. In a nutshell, it is a five-phase design methodology which is briefly
described herewith. The define phase is mainly about project definition, the measure
phase deals with requirements definition, the analyze phase helps generate conceptual
designs, the design phase then produces a detailed design, and finally in the verify phase,
the final design is mainly piloted, verified against design characteristics, and handed over
to the owner (Gitlow et al., 2006; Watson, 2005).
In summary, DFSS helps meet customer needs, improve customer satisfaction,
and increase market share by inventing new cost effective designs that meet customer
requirements and expectations (Antony & Banuelas Coronado, 2002; Mader, 2002).
2.3

Balanced Scorecard Concept

In today’s competitive market, executives need to enhance their ability to properly
specify relevant strategic objectives to better guide their organizations and induce longterm financial returns (Kaplan, 1994). To be able to achieve this task, a holistic
management system that can balance financial and nonfinancial objectives and
measures need to be set (Creelman & Makhijani, 2005; Kaplan & Norton, 1992; Niven,
2005). This has led to the development of management system by Robert Kaplan and
10

David Norton called the Balanced Scorecard (Ghalayini & Noble, 1996; Kaplan & Norton,
1992; Olve et al., 1999).
The BSC is a holistic framework that allows executives to identify their
organization’s long-term strategic objectives (Kaplan & Norton, 1996b). It translates the
organization’s mission and vision into a linked set of strategic objectives and measures
to enhance the chances for achieving better decision-making and breakthrough business
results (Breyfogle, 2008; Kaplan & Norton, 1993). The BSC allows executives to manage
their organizations from four different perspectives: the customer perspective, the internal
process perspective, the learning and growth perspective, and the financial perspective
(Evans & Lindsay, 2011; Kaplan, 1994; Kaplan & Norton, 1992, 1993; Nair, 2004).
The customer perspective addresses how an organization is perceived from their
customers’ point of view. The internal process perspective helps identify the key internal
processes that an organization should focus on and excel at to satisfy customer needs
and expectations. The learning and growth perspective answers the questions regarding
what capabilities and assets an organization needs to satisfy its customer needs and
support its internal processes. The fourth and final perspective is the financial
perspective; this perspective addresses how shareholders perceive the organization and
whether the organization’s strategy is successfully improving financial returns (Creelman
& Makhijani, 2005; Kaplan & Norton, 1992, 1996a; Olve et al., 1999). Simply put, if
executives better understand their customer needs, their vital internal processes, their
financial goals, and what is required to gain and maintain customer satisfaction and
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execute the key processes, they would realize enhanced financial returns in the long run
(Kaplan, 1994). The BSC four perspectives is depicted in figure 1.

Financial: Succeed
Financially
Objectives

Customer: Achieve
Satisfaction
Objectives

Measures

Measures

Initiatives

Internal Processes:
Excellent Execution

Strategy &
Vision

Initiatives

Objectives

Measures

Initiatives

Learning & Growth:
Learn & Change
Objectives

Measures

Initiatives

Figure 1: The BSC. Adapted from (Kaplan & Norton, 1996c, p. 76)
In order to make the BSC operational, strategic objectives and measures should
be identified for each one of the four perspectives (Kaplan & Norton, 1992; Nair, 2004; R.
F. Smith, 2007). These objectives and measures are then linked in a cause and effect
relationship (Kaplan & Norton, 1996b; Olve et al., 1999). When such linked objectives
and measures are cascaded down the organization’s hierarchy, the BSC provides the
backbone needed to communicate the strategy throughout the organization and aligns
different business units’ and departments’ initiative to the organization’s strategy (Kaplan
& Norton, 1996c).
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2.4

Design for Six Sigma Literature Review

Six Sigma methodology was introduced in the 1980’s to contribute to quality cost
reduction by helping businesses to achieve a 3.4 DPMO. Despite using the Six Sigma
methodology, however, many organizations could still not achieve the Six Sigma DPMO
rate and found themselves stuck at the five sigma level, which is equivalent to 233 defects
per millions opportunities. This led to the emergence of a new methodology, the DFSS,
which offers a mean to reengineer existing designs or invent new ones (Antony &
Banuelas Coronado, 2002; Jiju, 2002). DFSS is a methodology that relies on the VOC to
create new products, services, and processes (Mader, 2003). The emphasis on VOC to
derive DFSS solution is stated by Gregory Watson, that DFSS produces cost competitive
high quality designs that incorporates the CTQs which are derived from the customer
point of view (Watson, 2005).
In their book, Howard Gitlow, David Levine, and Edward Popovich define DFSS as
a methodology used to innovate new designs in a creative, reliable, and cost effective
manner (Gitlow et al., 2006). The authors have specified six DFSS based designs
attributes:
1- It takes the needs and the wants of the stakeholders into consideration for design
purposes
2- It efficiently uses available resources.
3- It produces designs that are minimally complex.
4- It generates high performance outputs.
5- It produces robust designs to achieve minimal process variation.
13

6- It induces quick profit realization.
They state, DFSS is based on four major principles:
1- Minimize variability in the CTQs for design thus maximizing customer satisfaction.
2- Produce designs that are desired by customers in a timely manner.
3- Include suppliers from the initial stage of the design.
4- Design products and service with minimal defects and future issues.
This design methodology uses statistical analysis to create new designs at Six
Sigma level that help reduce costs and increase customer satisfaction (Jiju, 2002).
Moreover, it aims at creating Six Sigma designs through the use of statistical tools to
eliminate non-value added steps, thereby leading to material and labor reduction or in
other words, cost reduction (Antony & Banuelas Coronado, 2002). The DFSS
methodology constitutes a powerful methodology that helps meet customer requirements
and expectations through designing high-performance cost-effective products, services,
and processes. Thus, it helps improve customer satisfaction and market share (Antony &
Banuelas Coronado, 2002; Mader, 2002, 2003). In an agreement, Howard Gitlow, David
Levine, and Edward Popovich specify several organization-wide benefits from using
DFSS such as: on time and on budget projects, greater market share, minimizing of output
designs issues before they are operational, ensuring high quality data driven designs,
and providing a differentiation edge and customer focused designs (Gitlow et al., 2006).
In like manner, organizations can gain numerous benefits by applying DFSS. First,
it helps organizations avoid costs associated with design errors by fixing these errors at
the design stage rather than dealing with these same errors at the manufacturing stage,
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which could cost a hundred times more (Antony & Banuelas Coronado, 2002). DFSS also
decreases the needed time to market for new or reengineered designs, decreases costs
associated with products’ life cycle, enhances the understanding of customer
expectations and priorities in regards to the design characteristics, reduces the number
of modifications to designs thereby reducing the associated number of required
prototypes in the design phase, increases output design quality and reliability, improves
risk management capabilities in the product and service design processes, and
decreases potential costs associated with a warranty (Jiju, 2002). Furthermore, Antony &
Banuelas Coronado have highlighted similar benefits from adopting DFSS. They
emphasize that DFSS helps organizations reduce the product time to market, life cycle
costs, and warranty costs. They also affirm that it helps in increasing the understanding
of customer expectation and needs and risk management as well as improving market
share, and profitability (Antony & Banuelas Coronado, 2002).
However, it is important to note two essential aspects. First, DFSS methodology is
not meant to replace the existing new product introduction process for an organization; it
is rather a methodology that enhances the new product introduction process to achieve
more reliable and cost effective products and services that meet customer expectations
(Antony & Banuelas Coronado, 2002; Jiju, 2002; Mader, 2002, 2003). More specifically,
the power of DFSS is not in the use of individual tools but in the coherent alignment of
tools to support the new product development (NPD) process (Mader, 2002). Secondly,
the knowledge gained from introducing and implementing DFSS in an organization is the
real benefit. It is manifested in improved designs and cost reduction due to efficient use
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of resources and time. The detailed documentation associated with DFSS, rather than
being an unpleasant encounter, as some managers might perceive it, is actually a virtue
as it contributes greatly to the learning curve of the organization, thereby paving the way
for a better business outcomes (L. R. Smith, 2004).
The objective of the DFSS methodology is very different than the Six Sigma
problem solving methodology, or so called DMAIC, which stands for Define, Measure,
Analyze, Improve, and Control (Watson, 2005), as it relies on the VOC to create new
products, services, and processes (Mader, 2003). While DMAIC Six Sigma is an
improvement methodology that aims at reducing variability through defect detection and
elimination process, DFSS is a design methodology that aims at avoiding possible
sources of variation in the design stage to produce robust designs and realize future cost
saving (Liem, 2005). Six Sigma DMAIC and DFSS have been used in both the
manufacturing and the service industries. As stated earlier, one of the major goals of Six
Sigma is variability reduction through either improvement initiatives, the DMAIC
approach, or design initiatives, the DFSS approach. Both Six Sigma and DFSS aim at
quality improvement, yet they look at it from very different angles. The design and
redesign option (DFSS) costs much more than the improvement option (DMAIC);
however, the impact of investing in a DFSS project is usually more evident in terms of
cost reduction and return on investment as opposed to the DMAIC improvement option.
Unlike DMAIC, there is no one standard approach for DFSS methodology (Mader, 2003).
Even though there are several DFSS models, they all follow the same principles. The
input is customer needs and expectations and business wants and capabilities while the
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outputs are Six Sigma based designs (Antony & Banuelas Coronado, 2002). DMADV is
one such model. It is a DFSS five phase process, with the phases being Define, Measure,
Analyze, Design, and Verify that are generally described herewith. In the define phase,
the business case, project objectives, project guidelines, and project schedule are
developed. In the measure phase, the targeted market is identified, CTQs are defined,
and the basic design comes to be understood by project stakeholders. The analysis
phase includes the development of a high-level conceptual design. In the design phase,
a detailed design is developed. Finally, just as the name implies, in the verify phase, the
detailed design is tested and verified against the required design specifications. In this
last phase, the verified design is transitioned to the process owner, which concludes the
DFSS DMADV project. It is indeed worth mentioning that Quality Function Deployment
(QFD) is a powerful tool that is used throughout the DMADV design approach (Gitlow et
al., 2006; Voehl et al., 2014; Watson, 2005) to help translate VOC into design features.
More detailed review for QFD is presented in chapter five of this document.
The decision to start a DFSS project in order to gain its numerous benefits, as
specified earlier, can be sometimes difficult to make. Decision makers need to make a
call whether to improve or to redesign. Simply reaching the five sigma barrier is not
enough to prioritize a DFSS initiative over a DMAIC improvement initiative. There should
be a more solid approach for establishing such prioritization. Ricardo Banuelas and Jiju
Antony conclude that DFSS could be needed before reaching the five sigma wall
(Banuelas & Antony, 2004). By the same token, Ahmad Elshennawy and Abhishek
Vootukuru highlight how difficult it can be to choose between Six Sigma and DFSS, stating
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that what seemed to be a typical Six Sigma DMAIC improvement project could change
its nature to a DFSS redesign project when project goals and customer satisfaction are
not met. As a solution for such a case, the authors developed a new approach that
combines both the Six Sigma DMAIC model and the DFSS DMADV model in one
integrated approach they call DMARC which stands for Define, Measure, Analyze,
Redesign, and Control. The redesign phase consists of the four DMADV sub-phases:
Measure, Analyze, Design, and Verify. The introduction of this combined model can take
care of any need for redesign during an improvement initiative (Elshennawy & Vootukuru,
2009).
There are many factors that are vital to the success of a DFSS initiative. Antony
and Banuelas state that, careful selection of DFSS team members and their tasks, tools,
and metrics are important DFSS success factors (Antony & Banuelas Coronado, 2002).
Kai Yang and Basem El Haik also agree with Antony and Banuelas that the DFSS projects
should be selected based on their impact on the business strategy. They also highlight
that the DFSS metrics should be linked to the organization’s strategy goals (Antony &
Banuelas Coronado, 2002; Yang & El Haik, 2003). In his research, Douglas Mader
recommends that managers should be well-trained on DFSS as an important DFSS
success factor. He also states that linking DFSS to top level organizational objectives is
essential to DFSS initiatives success (Mader, 2003). Ferryanto Liem concurs, saying that
an organization’s objectives, which stem from its vision and mission, must derive the
DFSS objectives (Liem, 2005). On another end, Kai Yang and Basem El Haik agree with
Ferryanto Liem that for a DFSS initiative to be initiated and implemented successfully, it
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must be supported by the senior leadership of the organization (Liem, 2005; Yang & El
Haik, 2003).
2.5

Balanced Scorecard Literature Review

Organizations are controlled by a set of pre-defined procedures that are
collectively called, a management system (Kaplan & Norton, 2006). Moreover, Goold and
Quinn defined a strategic control system as the process through which organization’s
executives can conclude if the organization or a business unit is achieving satisfactory
performance. This definition implies executives’ agreement on the organization’s
objectives, performance evaluation against objectives, feedback system, and reward
system (Goold & Quinn, 1990). In the light of these definitions, organizations need to
consider performance measures in order to be competitive in today’s market. Alaa
Ghalayini and James Noble state that organizations traditionally based their performance
measures on financial data taken from their management accounting system. Many
managers believe that financial measures are too old to be beneficial as they are lagging
indicators which reflect past decisions’ results and cannot give a holistic performance
evaluation of an organization. Thereby, the authors state that traditional performance
measures do not take into consideration an organization’s strategy. The authors
mentioned that the organizations increased focus on increased productivity, cost
reduction, and increased profit can come at the expense of quality, reliability, and delivery
(Ghalayini & Noble, 1996). Therefore, as a response to the need for a more holistic
measurement system, Robert Kaplan and David Norton have developed a performance
measurement system called the BSC that incorporates both financial and nonfinancial
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measures throughout four different perspectives (Ghalayini & Noble, 1996; Kaplan &
Norton, 1992). Such a management system summarize the organization’s competitive
advantage elements in one report and prevent sub-optimization, as all measures are
looked at by the leadership team (Ghalayini & Noble, 1996). Additionally, the BSC allows
executives to monitor the organization’s progress in order to build the capabilities and
assets required to generate future returns. In addition to establishing the long-term
financial targets, the BSC communicates the strategy throughout the organization and
helps align different individual and departmental initiatives to organization strategy,
allocates required resources, and enables the organization to learn and grow (Kaplan &
Norton, 1996c). A very important feature the BSC provides is its ability to achieve the
proper required selection of initiatives based on their impact on the overall organization’s
strategy (Kaplan & Norton, 1996d, 2006, 2008).
By the same token, in the 1980’s, managing by financial performance measures
were found insufficient in effectively managing organizations. Researchers have found
that no one measure can give organization’s executives a clear direction of how well the
business is doing (Graham, 2001; Kaplan, 1994; Kaplan & Norton, 1992, 1996a).
Financial measures are not sufficient to measure performance (Kaplan, 1994). Relying
on financial measures only pushes for focusing on short term financial returns only and
overlooking the long-term strategic objectives (Kaplan & Norton, 1996a, 2006). Kaplan
and Norton state that, only the expenses are measured when only the financial system is
in use rather than the value created by investing in areas such as training and research
initiatives which can decrease an organization’s financial in the short-run. As a result,
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focusing on financial measurements can result in unsustainable attractive financial
performance. Thus, sooner or later, solely focusing on a financial measurement system,
can lead to dissatisfied customers and employees in the long run which can lead to the
diminishing of the future value and declining of the financial performance (Kaplan, 1994).
Executives rather need a balance between financial and nonfinancial measures.
Managing an organization is complex and requires executives and managers to assess
performance at different areas at the same time (Creelman & Makhijani, 2005; Kaplan &
Norton, 1992; Niven, 2005; Olve et al., 1999).
Managers in today’s business world realize how important the impact of measures
on performance are, yet many of them do not consider proper measurements as an
essential part of their organizations’ strategies. When new strategies are introduced, the
measures used should be revised to ensure their relevance to these new strategies and
thus an effective measurement system must be an essential part of the management
process (Kaplan & Norton, 1993). Organizations need better indicators that help measure
the proper objectives of the organization, how well the organization is creating long-term
financial value, and where it is heading (Kaplan, 1994).
Studying and analyzing the performance of 12 different organizations, Kaplan and
Norton have established a new management system, the BSC (Kaplan & Norton, 1992).
The BSC constitutes a holistic framework which helps organizations translate their
strategic objectives into a set of measures. It is a management system that helps
organizations realize substantial improvements in different arenas such as product,
process, and customer (Kaplan & Norton, 1993). Furthermore, it allows executives to look
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at the organization from four different dimensions and set strategic objectives that stem
from the organization’s vision which leads to improved decision-making and problem
solving. These dimensions are: customer, internal process, innovation and learning (also
called learning and growth), and financial (Creelman & Makhijani, 2005; Kaplan, 1994;
Kaplan & Norton, 1992, 1993; Nair, 2004). The BSC is not only a set of financial and
nonfinancial measures, it is more than that. It is a balanced and holistic framework that
helps organizations identify their long-term strategic objectives and their associated
measures and feedback mechanisms derived from the organization’s strategy and vision
(Evans & Lindsay, 2011; Kaplan & Norton, 1996b; Nair, 2004).
The customer perspective addresses how customers see the organization or how
the organization is performing from its customers’ point of view (Evans & Lindsay, 2011;
Kaplan & Norton, 1992, 1996a; Olve et al., 1999). In the customer perspective,
organizations should derive specific customer and market based strategies that will yield
enhanced financial returns in the future. Kaplan and Norton have identified several
generic measures that include customer satisfaction, customer retention, new customer
acquisition, and customer profitability. They have also stated that value proposition plays
a major role in customer loyalty and satisfaction. Furthermore, upon careful observation,
the authors have found three major attributes that organize the value proposition of an
organization: product and service attribute that includes their quality and price, customer
relationship that includes any kind of contact with customers, and image or reputation
which constitutes how the organization is perceived by its customers (Kaplan & Norton,
1996b).
22

The internal process perspective aims to attract and retain customers by delivering
the suitable value proposition and exceed shareholder expectations by achieving
exceptional financial performance (Creelman & Makhijani, 2005; Kaplan & Norton,
1996a). This perspective addresses what the organization should excel at or what internal
processes should be focused on so the organization can meet its customer’s expectations
(Creelman & Makhijani, 2005; Kaplan & Norton, 1992, 1996a; Olve et al., 1999). Key
processes should be specified in the internal process perspective. These processes
should be selected so they help satisfy customers and meet the financial objectives of the
organization. The BSC not only focuses on improving existing processes, but also
creating new ones as an attempt to deploy emerging strategies, in order to meet the
organization’s financial and customer objectives. In many cases, organizations may need
to create entirely new key internal processes to achieve strategic objectives related to
customer satisfaction and financial performance. Value creation is commonly classified
in the literature under either long wave or short wave, which are the innovation of key
internal processes and executing existing internal processes to deliver existing products
and services. Objectives for both waves can be accommodated in the internal process
perspective of the BSC (Kaplan & Norton, 1996b; Niven, 2005). Financial and customer
objectives sometimes need the development of entirely new processes to be achieved
and progressed towards. Organizations reflect this need for innovation in the internal
process perspective of the BSC (Kaplan & Norton, 1996a; Niven, 2005).
The innovation and learning perspective addresses and assesses the ability and
capability of an organization to continue creating value in order to achieve customer
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satisfaction and to support its internal processes (Evans & Lindsay, 2011; Kaplan &
Norton, 1992, 1996a). The learning and growth perspective identifies the infrastructures
required to close the gap in the current technologies and capabilities which can facilitate
breakthrough performance and the achievement of long-term targets. Three main sources
of the learning and growth were identified: people, systems, and organizational
procedures. The financial, customer, and internal process perspectives usually show
gaps between the existing situation of the learning and growth perspective sources and
the required situations where they should be in order to achieve the desired targets.
Organizations should invest in objectives such as employees training, systems upgrades,
and organizational procedures alignment with the day-to-day operations to help bridge
the gaps. These objectives are documented in the learning and growth perspective
(Kaplan & Norton, 1996b).
Organizations should specify their long-term financial objectives in the financial
perspective of the BSC. The financial perspective addresses what the organization has
done for its shareholders through measures such as sales growth. The ultimate effects of
strategy execution can be witnessed in the financial perspective of the BSC. Thus, it is
an indicative of how well the strategy execution is performing (Kaplan & Norton, 1992,
1996a; R. F. Smith, 2007). Organizations can realize enhanced financial performance if
they better understand the financial goals, the customer goals, the key processes, and
how to enhance key processes performance and customer satisfaction (Kaplan, 1994).
In their efforts to link the financial perspective to the real-world business environment,
Kaplan and Norton identified three broad business environment categories: rapid growth,
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sustain, and harvest. Rapid growth category is an early stage of a business where new
investment is allocated and made; the focus in this category would be on sales growth
and emerging market opportunities. The sustain category is when steady incremental
market share is sought. Therefore, the focus in this category would be on how well and
steady the organization is performing. The harvest category is when organizations
attempt to maximize cash flow which is the main aim in this category as no significant
investments are made. Moreover, the authors found that organizations achieve their
strategies using three financial themes: revenue growth and mix which concentrates on
reaching new customers and markets, cost reduction where organizations reduce their
direct and indirect cost, and asset utilization where physical and working capitals are
reduced. These three financial themes can be appropriately coupled with the three
categories of the business environment mentioned earlier (Kaplan & Norton, 1996b).
A well-constructed BSC has a mix of outcomes measures, lagging indicators and
performance drivers, leading indicators (Kaplan & Norton, 1996b, 1996c). The outcome
measures are the measures such as customer satisfaction, customer retention, and
market share. The performance drivers are measures such as cycle time and defects
rates. They represent the unique strategy of the organization in achieving the outcome
measures (Kaplan & Norton, 1996b). Organizations usually use generic measures as
outcome measures while the performance drivers are the measures that are specific to
the organization strategy (Kaplan & Norton, 1996c).
Cause and effect relationship is the mean of how strategy can be thought of
(Kaplan & Norton, 1996b, 1996c). The BSC is a causal management system. Cause and
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effect nature constitutes the relationship between different objectives and measures in
the BSC (Kaplan & Norton, 1996b). Outcome measures and performance drivers should
be linked in a causal manner throughout the four perspectives of the BSC (Kaplan &
Norton, 1996c). So, an effective and well-built BSC is the one that communicates the
organization strategy through a series of cause and effect relationships between the
organization’s outcome measures and performance drivers (Kaplan & Norton, 1992,
1996b, 1996c). Eventually all causal paths in the BSC should be linked to the
organization’s financial objectives (Kaplan & Norton, 1996b). If the organization fails to
reflect its performance improvement on the financial performance, its executives should
revise the organization’s vision and strategy implementation plans. Thus, executives
should learn how to make the appropriate and clear linkages to ensure financial
improvement (Kaplan & Norton, 1992). As shown above, the cause and effect relationship
helps all participants understand the organization’s strategy and how the strategic
objectives are achieved throughout the organization (Kaplan & Norton, 1996c). In
summary, an organization wide shared vision and a performance model are said to be
set once the organization’s strategy is translated into a linked set of outcome measures
and performance drivers (Kaplan & Norton, 1996c).
Norton and Kaplan highlight several differences between the BSC measures and
those measures used in the past. For one, unlike the isolated financial measures
traditionally used, the BSC measures are based on the strategic objectives and the
competitive position of the organization. Another difference is that while financial
measures do not guide managers on how to improve in the next period, the BSC
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represents a guiding gauge for organizational success now and in the future. A third
difference is that the BSC provides the fine balance between different types of measures
including financial and nonfinancial ones (Kaplan & Norton, 1993).
Executives and BSC practitioners should note that, the BSC does not substitute
the measurement systems for the organization’s daily operations; it rather identifies key
factors that probably increase the organization’s performance and enhance its
competitive advantage (Kaplan & Norton, 1996b). To put the BSC to work, Kaplan and
Norton suggest, organizations should specify their goals in each one of the four
perspectives and then translate these goals into a set of measures that are the most vital
for the organization’s competitive success (Creelman & Makhijani, 2005; Kaplan &
Norton, 1992; Nair, 2004; Olve et al., 1999). It is important to note that organizations
should be able to derive their financial and nonfinancial measures from their own strategic
position, organize them, and link them in the holistic BSC (Kaplan & Norton, 1996b). In
other words, executives should start with its mission statement and ask the question of
what should be done to implement the mission, what the strategy is, and what the
objectives are (Kaplan, 1994). To be more specific, Norton and Kaplan also state that
there are four processes organizations would go through in order to implement and
manage a BSC as shown in figure 2. First, executives carefully build the organization’s
vision and strategy. Second, they communicate their strategy and objectives throughout
the organization and ensure the alignment between the business units’ departmental and
individual objectives with the organization’s long-term strategy. The third process is to
take advantage of the BSC framework to focus only on the initiatives that serve the long27

term strategic objectives. The fourth process is to learn from the relevant experience
building and implementing the BSC. Organizations usually go through each process more
than once until the BSC stabilizes and becomes an essential part of the organization’s
system (Kaplan & Norton, 1996d).

Translating The Vision

Communicating & Linking

The Balanced
Scorecard

Feedback & Learning

Business Planning

Figure 2: The BSC Implementation. Adapted from (Kaplan & Norton, 1996c, p. 77)
Themes can be incorporated to facilitate the implementation and management of
the BSC. Objectives are established under each theme with a linked set of cause and
effect relationships. Each theme would need a focal point of coordination called a theme
owner who oversees and approves the creation of strategy mapping (Creelman &
Makhijani, 2005; Kaplan & Norton, 2006).
To test the effectiveness of the BSC, a transparency test can be established. The
more the BSC is sensitive to transparency the better it is in communicating strategy
(Kaplan & Norton, 1996b). Organizations can trigger the successful implementation of the
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BSC if they can infer their strategy just by looking at their specific linked set of objectives
and measures (Kaplan, 1994).
In his literature synthesis, the author highlights several advantages and
disadvantages for the BSC. First the advantages: it uses relevant measures and valid
data, it encourages and improves communication in the organization, it represents a
technique that assist in performance data organization and analysis, it engages
leadership teams and enhances their visibility and understanding of the organization, it
initializes and maintains a trend for performance, it allows senior management to track
performance and achievement, and it helps increase stakeholders' satisfaction by
meeting their expectations. Secondly the disadvantages include the possibility to
encounter difficulties in implementation and tracking of the BSC if long-term senior
management commitment is lacking, difficulty in successfully completing the BSC
planning phase if the right number of people and measures involved are not right, failing
to consider the required key people, considering irrelevant measures, setting unreachable
targets, not orienting BSC employees, and its possible use as a punishment tool
(Schwartz, 2005).
It is important to note that the BSC can show all employees throughout the
organization how they can contribute to the organization’s strategic objectives and
promote learning even at the organization’s executive level (Kaplan & Norton, 1996b). It
can also help organizations devote their entire effort on achieving the long-term strategic
objectives and align their management activities accordingly (Kaplan & Norton, 1996d).
Once organizations’ executives understand the relevant strategic objectives, they can
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relate to where they are now and where they want to be and how to close the gap between
these two states, which is the basis for breakthrough performance (Kaplan, 1994).
It is important also to observe two major factors in order to build a sound
performance measurement system. First, to understand that performance measurements
are not generic. Organizations’ executives should avoid benchmarking the performance
measurement system of another organization, because they make sense only within
those organizations’ specific strategic situations. They should rather build a performance
system that specifically relates to their organizations’ particular strategies. The second
factor is the leadership initiative and commitment. That means the head of the business
should be the one leading such a task to be successful (Kaplan, 1994). In another study
they add, the successful implementation of the BSC depends also on factors such as the
careful articulation of vision and strategy and careful choice of relevant measures (Kaplan
& Norton, 1996b).
A BSC implementation case in an undersea construction organization called
Rockwater is discussed. This organization successfully implemented the BSC in three
phases. This first phase included the definition of the organization’s mission statement
and how it is going to be mapped as objectives on the four perspectives of the BSC. The
authors state that this phase was executed successfully by the intensive cooperation of
and interaction with different departments, shareholders, and customers. Having
established the objectives, organizations now can start to choose the appropriate specific
measures for these objectives. The second phase is called the commitment plan. In this
phase, organizations should have the future targets set and the key processes identified.
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The third and final phase is using the BSC as a management system. In this phase the
BSC is no longer a measurement system that combines both financial and nonfinancial
measures, it is rather used to execute the organization’s strategic vision as a
management system. In this phase also, objectives and measures are reviewed in a
periodic basis to ensure not only if the financial targets are met but also whether the
targets of the other three perspectives are being achieved. Such a holistic approach of
business management paves the way for enhanced performance (Kaplan, 1994).
Organizations need a continual improvement of existing internal processes as well
as creation of some innovative ones (Kaplan, 1994). In many cases, organizations may
need to create entirely new products and services to achieve their long-term financial
objectives (Kaplan & Norton, 1996b). Kaplan and Norton emphasized how important it is
to consider each step when new key internal processes development is needed. It is
indeed crucial to spend enough time and close attention during the creation of new
internal processes to ensure a successful development of new key internal processes
that payoff in the future and help achieve the organization’s objectives (Kaplan, 1994).
The literature strongly supports the necessity to link quality activities to strategy.
The reason behind the limited long-term quality initiative success is attributed to the
missing link between these initiatives and strategy. To understand the effect of such a
link to strategy on the long-term success of quality initiatives, the authors analyze why
Total Quality Management (TQM) failed in the West while it was successful in Japan.
They found that, the reason was the poor linkage between TQM and the strategic
management systems. A successful implementation of a quality management tool
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depends on the existence of an effective strategic management system. This means that
the successful introduction and implementation of new quality techniques needs to be
linked to the strategic management system connecting all levels of the organization. The
authors conclude that a linkage between strategy and quality initiatives is a success factor
that would strengthen strategic control and enhance quality initiatives successful
execution. A combination of literature review and case studies are used to illustrate the
possibility of effective combinations between the BSC and several quality management
tools such as Six Sigma, Malcolm Baldrige National Excellence Model (MBNQA),
European Foundation for Quality Management (EFQM) National Excellence Model, and
ISO Standards (Andersen et al., 2004).
Likewise, Tom Kubiak agrees that management and quality approaches such as
Six Sigma, the BSC, ISO 9000, statistical process control, quality circles, reengineering
benchmarking, and MBNQA should not work independently. They can effectively be
combined to enhance business performance. The authors reach this conclusion by
showing how the benefits of each one of these models can affect the other models. The
BSC provides a holistic management system, Baldrige facilitates integration,
improvement is driven by Six Sigma, and basics of quality are focused on through the
ISO standards (Kubiak, 2003).
More researchers have investigated the benefits of integrating strategy and quality
themes. For example, Colm Heavey and Eamonn Murphy demonstrate that BSC and Six
Sigma can be effectively combined by leveraging their strengths and weaknesses. Their
model suggests a formation of a Six Sigma project portfolio that relates to the BSC high
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level metrics against which Six Sigma projects success will be assessed from a strategic
point of view. The authors suggest that, this integration would establish the required
linkage between strategy and execution for enhanced business excellence (Heavey &
Murphy, 2012). Comparatively, Adriana Rodriguez and Sandra Furterer investigate the
integration of the Six Sigma DMAIC improvement methodology and BSC. Through careful
analysis, they develop a framework they called the Six Sigma Scorecard or simply SSS.
This combined framework links Six Sigma improvement initiatives with the BSC
management system (Rodriguez & Furterer, 2008) which was implemented and has
yielded successful results.
In another study, Graeme Knowles, Linda Whicker, Javier Heraldez Femat, and
Francisco Del Campo Canales provide an integrated model that combines the BSC, Six
Sigma DMAIC methodology, and the supply chain reference model, or SCOR. This
integrated model utilizes the essence of DMAIC with its variation reduction ability to
improve supply chain efficiency and eventually improve business performance. The BSC
on the other hand provides the linkage to strategy, that is required for successful Six
Sigma and SCOR implementation (Knowles et al., 2005)
The feasibility of integrating the BSC and the EFQM models was investigated as
well. Arash Shahin, Hosein Rezaei Dolatabadi, and Milad Kouchekian (Shahin et al.,
2012) started by synthesizing the literature review of both models and highlighting their
properties, similarities, and differences. An eight phase integrated model was developed,
tested, and validated. The eight phases are:
defining vision
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self assessing with EFQM
developing strategy
translating strategy
prioritizing operational plans
aligning organization
monitoring and learning
and testing and adapting strategy (p. 50).
The literature supports an alignment between strategic and operational levels for
improved business results, which is believed by the authors to be the required common
ground needed to theoretically assume that an integrated model that combines both the
BSC and the EFQM models is feasible.
Jay Schwartz has investigated the question of which strategy model is best for an
organization to implement: the BSC or TQM. In answering this question, the author’s
strategy is to first study the background and principles of both models and their
advantages and disadvantages to conceptualize a roadmap for strategy selection. Three
major similarities and one major difference are specified. TQM and the BSC both assure,
improve, and promote communication within the organization and with its customers.
They both emphasize cost reduction and service quality improvement. The third similarity
is the need for commitment and support by the executive team, which is a success factor
for both strategies. The major difference is that, BSC pays more attention to and puts
more focus on the financial aspect. While TQM considers the financial aspect, it relies
more on nonfinancial aspects such as employee empowerment and involvement. The
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author concludes his study by stating that organizations should be able to make an
informed decision on which strategy is best for them by considering three features of the
organization: the size of the organization, the culture, and the structure. If the organization
is bureaucratic and large, BSC is recommended. However, if it is a service organization
and is smaller in size, TQM is recommended. He asserts that the BSC provides the
structured layout needed both to align strategy and strategic activities and also to guide
future plans based on feedback (Schwartz, 2005).
Through an intensive review of literature for both the ISO 9000 standards and the
BSC, Rusjan Borut, and Milena Alic have synthesized the various benefits an organization
can gain from applying the ISO 9000 standards and then showed how these benefits can
affect all four perspectives of the BSC. At the end of the study, the authors recommend
that organizations incorporate quality management systems into their strategic
management system due to the potential positive impact on business performance. From
the customer perspective, such benefits include: robust quality of products and services,
increased compliance with product specifications, fewer customer complaints, and
increased customer satisfaction. The benefits from the internal process perspective
include: documented responsibilities, objectives, and results, and well-constructed
business processes. From the learning and growth perspective, the benefits include:
highly skilled, committed, and motivated staff; improved learning and development
experience; good communication of the organization mission, vision, and objectives;
improved interpersonal communication amongst employees, and rectification of the
sources of shortages. The authors state that the financial benefits an organization can
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gain are indirect as a result of the customer focused approach facilitated by the ISO
standards (Borut & Alic, 2010).
2.6

Literature Review Conclusion

The BSC is a holistic management system that helps organizations achieve
breakthrough performance (Kaplan & Norton, 1993). Key internal processes can be
identified in the internal process perspective at which the organization should excel at to
meet customer needs and improve financial returns (Kaplan & Norton, 1992, 1996a;
Niven, 2005). Objectives and measures related to the execution of the current internal
processes and the creation of new ones are accommodated in the internal process
perspective of the BSC. Totally new internal processes are typically identified when
executives introduce changes to the organization strategy maps. An organization must
focus on and excel at these new internal processes in order to maintain a competitive and
sustainable edge (Kaplan & Norton, 2008; Niven, 2005). New internal processes are
typically created as a response to satisfy newly identified potential market or customer
needs which ultimately contribute to achieving an organization’s long-term financial
objectives (Kaplan & Norton, 1996a, 1996b). Careful and close attention must be
observed when new internal processes are being created in order to ensure the
effectiveness of these new internal processes in achieving the organization’s objectives
(Kaplan, 1994; Niven, 2005). The literature review reveals no evidence of a
comprehensive synergy of the BSC strategy management system and DFSS new
process development model as proposed and constructed in this research, such a
framework is lacking.
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In this research, a framework for an effective synergy of the BSC and the DFSS
models is developed utilizing the strengths of each model to contribute in bridging the gap
between strategy and strategy execution as it properly aligns and links an organization’s
strategy and new process development. The developed framework uses the VOC and
the DFSS statistical analysis to generate data driven, customer based, cost effective, and
high performance Six Sigma based designs for new processes derived strategically
through the BSC strategy maps in order to meet customer requirements, achieve
customer satisfaction, and realize relevant strategic objectives. The required alignment
and linkage between the organization strategy and its strategy execution is realized
through the developed framework, more specifically, the realization of the alignment and
linkage between the BSC management system and DFSS methodology for new
strategically critical processes in order to enhance business performance, customer
satisfaction, and financial returns. Such a connection can be achieved through the sense
of integration the BSC provides which is utilized to develop the proposed framework
(Kaplan & Norton, 1993, 1996c). The literature classifies such a connection as a DFSS
success factor or in other words, it is important for the DFSS initiatives to be linked to the
overall organization strategy in order to bear fruit and be executed successfully (Antony
& Banuelas Coronado, 2002; Liem, 2005; Mader, 2003; Yang & El Haik, 2003). As a
matter of fact, the skeleton needed by the DFSS projects to succeed is provided through
the BSC management system as it can link the DFSS initiatives to the strategy of the
organization that is stemmed from its mission and vision in order to strategically drive
DFSS project goals and outcomes (Andersen et al., 2004; Borut & Alic, 2010; Breyfogle,
37

2008; Heavey & Murphy, 2012; Kaplan, 1994; Kaplan & Norton, 1992, 1993, 1996b,
1996c; Knowles et al., 2005; Kubiak, 2003; Rodriguez & Furterer, 2008; Schwartz, 2005;
Shahin et al., 2012). Additionally, the proposed framework can help executives oversee
and support DFSS projects progression which is a DFSS success factor (Liem, 2005;
Yang & El Haik, 2003) through its comprehensive management framework (Kaplan, 1994;
Kaplan & Norton, 1996b; Schwartz, 2005). Moreover, it achieves the proper required
selection of DFSS projects based on their impact on the organization’s overall strategy
(Kaplan & Norton, 1996d, 2006, 2008) as evident in the DFSS review of literature (Antony
& Banuelas Coronado, 2002; Yang & El Haik, 2003). The proposed framework constitutes
a medium for seamless transition from strategy planning and development position to the
process design and development arena which in turn can help organizations seamlessly
and successfully execute their strategies, improve customer satisfaction, and outrival in
their respective markets.
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CHAPTER THREE: METHODOLOGY
3.1

Methodology Literature Review

Qualitative research is a well-established methodology (Cibangu, 2012; Ejimabo,
2015). It is a legitimate research approach that recently has gained acceptance in a
variety of fields that include biology, political science, medicine, and history (Leedy &
Ormrod, 2013). Especially in recent scores of years, various additional fields of study
have used qualitative research in their literature, including historical, feminist, media, and
cultural studies (Savenye & Robinson, 2005). In general, qualitative research can be
defined as the study to understand how people behave (Cibangu, 2012). The author has
described a number of characteristics of qualitative research. For one, natural setting;
qualitative researchers tend to perform data collection directly from the field where they
position themselves as close as possible from data sources usually with face to face
communication (Bashir, Afzal, & Azeem, 2008; Creswell, 2007). It can help in cases, such
as when available information is insufficient, when existing theory is not adequate, and
when variables are not defined. Questions related to qualitative research tend to be more
general at the beginning of the study and get more specific and well-defined as the
researchers gain more understanding of the phenomena under the study.
Additionally, the purposes of qualitative research can include one or more of the
following: descriptive, interpretative, verification, and evaluation. Descriptive qualitative
research can help describe the multiple perspectives about a single issue. Interpretative
qualitative research enables researchers to get deeper insights about a certain situation,
create new concepts, and identify issues and difficulties associated with a certain
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phenomenon. Within real world context, the verification approach permits researchers to
test and validate certain assumptions, concepts, claims, theories, and generalizations.
Finally, the evaluation approach helps researchers to make sound judgments about the
effectiveness of a certain innovations or practices (Leedy & Ormrod, 2013). There are
several distinct qualitative research approaches for the researcher to choose from; such
as ethnography, discursive studies, case studies, focus groups, open-ended interview,
and grounded theory (Cibangu, 2012). Despite the fact that they are different yet they
have two common attributes. First, they concentrate on real world phenomena (Bashir et
al., 2008; Cibangu, 2012; Ejimabo, 2015; Leedy & Ormrod, 2013; Runeson & Host, 2009;
Savenye & Robinson, 2005) and secondly, they study phenomena intricacy and that is
why qualitative researchers tend to project the totality of the issue under study with all of
its dimensions and its natural complexity (Bashir et al., 2008; Ejimabo, 2015; Leedy &
Ormrod, 2013).
In reality, qualitative researchers are usually considered the key instrument where
they collect data themselves without the need to depend on instrument such as surveys
(Creswell, 2007). In other words, the qualitative researchers’ ability to translate their
observations and make sense of them is crucial to understand the phenomena they study.
One objective of qualitative researchers is to be able to describe and report the different
opinions about the same phenomenon (Leedy & Ormrod, 2013). Qualitative research is
an appropriate choice for researchers who want to explore a certain domain or case
where complex details can be identified through active interaction with participants in the
field. It also can be used following a quantitative approach or a certain theory to better
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understand and confirm system behavior whose complexity cannot be captured otherwise
or even to further develop theories (Creswell, 2007).
Major characteristics of qualitative research knowledge includes the researcher’s
immersion in the studied environment to be knowledgeable of the environment from which
valid conclusions can be reached (Cibangu, 2012; Ejimabo, 2015). Another characteristic
is the contextual setting the researcher offers to the reader as a result of his or her full
understanding of the object being researched. A third characteristic is that it provides
experiential information about all aspects related to the object being researched such as
ideologies and emotions through which readers can make sense out of the current reality
as presented in the research study. The fourth characteristic is the thorough description
of the case and its analysis (Cibangu, 2012).
Getting more specific, one form of qualitative research is called case study method
(Ejimabo, 2015). A Case study can be defined as an experimental methodology that
examine a phenomenon in its natural context (Runeson & Host, 2009) very thoroughly in
order to reveal some aspects that are true for other similar cases (Jackson, 2006). In case
study research design, a certain community, process, event, or paradigm is investigated
and studied in details for a specific predetermined period of time (Leedy & Ormrod, 2013).
It examines a certain phenomenon in a detailed manner within its natural context (Yin,
2014). Case study design is widely accepted in a variety of fields such as medicine,
political science, and anthropology. Case study design can help understand more about
a poorly discovered area or can serve in the investigation of how a certain event,
community, or paradigm behaves over time when particular conditions or interventions
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exist (Leedy & Ormrod, 2013). It constitutes the careful study and exploration of an issue
through the case within a bounded system over a specific period of time. In-depth data
collection and analysis and multiple data sources are typically involved in case study
design. There are several case study approaches. It can take an explanatory, exploratory,
or descriptive approach (Creswell, 2007). In addition, generally, there are three major
characteristics for case study designs: flexibility, as it represents and cope with the reallife phenomena complexity; clarity of conclusion as it is drawn from a solid series of proofs
and data sources; and contribution to the body of knowledge as it is based on established
theories (Runeson & Host, 2009).
Case study design has three broad types; namely, single instrumental case study
where the focus is on one case study for illustrative purposes (Creswell, 2007; Yin, 2014);
collective or multiple case study that provides more settled understanding of the issue as
well as a more likely a generalizable conclusion that can be difficult to reach with a single
case study (Creswell, 2007; Jackson, 2006; Yin, 2014); intrinsic case study is when the
focus of the research is concentrated on the case itself because of its uniqueness.
One of the challenges associated with case study research is the appropriate
selection of the case study and its type. Typically, the motivation behind choosing multiple
case study is the generalizability concept. Case study boundaries can pose a challenge
in some cases where the researchers find themselves in need to establish boundaries to
properly surround the case (Creswell, 2007). Sometimes researchers choose a single
case to study because it is exceptional and can advance the human knowledge and
understanding about practices of similar situations or in order to test a certain proposition
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in a real-world context (Leedy & Ormrod, 2013; Yin, 2014). However, when a single case
study is involved, generalization tend to be more difficult to make which constitutes a
major drawback of such type of qualitative research design. In case a researcher chooses
to study a single case, generalization is tentative and needs more back up to support the
conclusion (Leedy & Ormrod, 2013; Yin, 2014) however, case study design per se offers
tentative backup for theoretical studies (Jackson, 2006).
Researchers who choose case study design collect comprehensive data from the
event, community, or paradigm under investigation. Many times the researchers find the
need to spend a great deal of time on site, naturally interacting with the community, event,
or paradigm under study (Leedy & Ormrod, 2013). In case study method, different
sources of information are utilized for data collection (Yin, 2014). Data to be collected can
include audible materials, visual material, interviews, historical records, documentations,
and observations (Bashir et al., 2008; Leedy & Ormrod, 2013; Runeson & Host, 2009).
Researchers also need to clearly identify the surrounding environment and circumstances
related to the case in order to allow the readers of their report to reach a comprehensive
conclusion and to understand and relate the extent of generalizability of the case to other
similar cases (Leedy & Ormrod, 2013).
Conducting or carrying out a case study goes through five main phases: case study
design that includes objectives and preliminary case study project plans, data collection
templates preparation that includes the preparation of case protocols, data collection,
data analysis, and report write-up (Runeson & Host, 2009; Yin, 2014). John Creswell state
a more detailed process to conduct a case study research that starts with the
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determination of the suitability of the case study research design and further the individual
case or cases to the research study purposes. Following that, the case study and its type
are identified within its natural boundaries. The third step would be an extensive data
collection from multiple sources using interviews, documents, or observation to name just
a few (Creswell, 2007; Yin, 2014). The data analysis step then can be either a holistic
analysis approach where the whole case is analyzed or an embedded analysis of the
case where only selected components of the case are analyzed. Researchers at this point
should provide a full detailed description of the case; and can then choose to focus on
selected key issues to enhance their understanding of the case and its complexity. In the
final step, researchers report the assertion, the interpretation, or the meaning of the case
or in other words the lessons learned from conducting the case study (Creswell, 2007).
Therefore, typically, case study design has the following phases for data analysis.
First, the facts of the case under study are to be organized and arranged in a logical order.
Next, useful classification or grouping of the data into meaningful categories should be
performed. The third phase includes scrutinizing the records, frequency, and
documentation to extract meanings that could be related to the case. Another phase is
the identification of the underlying logic and patterns that define or describe the case in a
more meaningful manner than the bits and pieces of information. Lastly, the researchers
combine all the details of the case under study in order to construct a conclusion that
might be applicable or generalizable to other cases (Leedy & Ormrod, 2013).
It is important to highlight that, in qualitative research, data analysis phase starts
during the data collection phase so initial conclusions affect the researcher’s choice of
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data to be collected in the later stages of the study. At the end, researchers should look
for information from different sources that point to the same conclusion.
When it comes to writing a case study report, the researchers must explain why it
is significant to conduct a detailed study on the case and how it will improve the
knowledge of human beings. They also include all the significant aspects and facts about
the case, the collected data, and the surrounding environment. They must also highlight
any patterns or tendencies the data might indicate and support their interpretations with
sufficient evidence; in addition to the unbiased presentation of data that contradict their
interpretations. Finally, the research report must answer the so what question by relating
the case findings to the larger scope of the research by indicating whether the findings
support or contradict existing hypotheses or whether a certain intervention is extremely
functional and effective (Leedy & Ormrod, 2013; Yin, 2014).
It is essential to note at this point that case study researchers should know how to
handle the tradeoff between reality and controls. If the researcher increases the control
on the case study, the reality will be decreased (Runeson & Host, 2009). The distinction
between real-life context and case study context can be difficult to be identified (Yin,
2014). Case study designs should be a real-world case and thus should have more reality
than control to yield valid results (Runeson & Host, 2009).
Qualitative researchers usually spend extensive periods of time collecting data that
involve the appropriate means such as field notes and audiovisuals to accurately record
and report significant data (Bashir et al., 2008; Cibangu, 2012; Leedy & Ormrod, 2013).
Data gathered from such various sources can eventually support the researchers’
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abstraction. The use of multiple data sources is another characteristic of qualitative
research; data is collected from different sources such as documents and observations
for further analysis (Creswell, 2007).
Two common sources of data in qualitative research are observations and
interviews (Bashir et al., 2008; Ejimabo, 2015; Leedy & Ormrod, 2013; Myers, 1997). It is
important to expect a great deal of time and effort being wasted observing irrelevant and
insignificant events (Leedy & Ormrod, 2013). Also, the presence of the researchers or
their recording equipment and material such as video or voice recorders in the field can
change the manner in which the event naturally develops (Leedy & Ormrod, 2013;
Savenye & Robinson, 2005).
Interviews are a significant and useful source of data as well. The researchers can
extend their understanding by asking central and relevant questions about motives, facts,
feelings, behaviors, and people (Bashir et al., 2008; Leedy & Ormrod, 2013). However,
researchers should consider the fact that humans’ memory tends to be seldom accurate
and not as accurate as a video or voice recorder. Researchers should also notice that
interviewees purposely tend not to be honest when responding to questions about their
attitudes and feelings. Therefore, the researcher should look for more dependable and
relevant data sources such as reports and actual observations. The interview questions
should be designed so the researcher is able to later compare responses from different
interviewees. In some situations, due to time limitation, researchers could sometime
choose to conduct focus group sessions where participants are found comfortable sharing
thoughts and are expected to yield more significant data than individual interviews (Leedy
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& Ormrod, 2013). A concluding note regarding interviews, is that participants’ definition
to the problem under the study should be well understood and considered as opposed to
the researcher’s. The key objective of qualitative research is to build a comprehensive
understanding of the problem through research participants that is why qualitative
research maturity develops as the research develops and more understanding of the
problem is acquired (Creswell, 2007).
Typically, qualitative research process starts with a problem, literature review,
questions development, data collection, data analysis, report and results write-up
(Creswell, 2007). During the interpretation and analysis, a qualitative researcher typically
closely scrutinizes data in several rounds. It starts with breaking down large bodies of
data into smaller grouped sets that are logically arranged in a database. The researcher
should then try to get a sense of the data by skimming through it several times, taking
preliminary notes where appropriate. General themes should be developed by the
researcher where data is properly categorized. Finally, the researcher should synthesize
and summarize the data in a manner that is easily grasped by his or her readers; that
might include the introduction of tables and diagrams where appropriate; as shown in the
data analysis spiral illustrated in figure 3 (Leedy & Ormrod, 2013).
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Figure 3: Data Analysis Spiral. Adapted from (Creswell et al., 2007, p. 151)
It is difficult to avoid the researcher’s subjective influence on data interpretation.
There are some strategies that can help researchers minimize the impact of such
influence as much as possible, such as the use of various types of data, recording
different perspectives on any single event under the research study, looking for pieces of
information that contradict the underlying hypotheses of the researcher, and finally
acknowledging any kind of biases a researcher might have in the final report (Leedy &
Ormrod, 2013).
A typical qualitative research report would start with an introduction, problem
statement, review of relevant literature, research contribution, research questions, and
ends with a summary of results, conclusion, and suggestion for future research (Savenye
& Robinson, 2005). Qualitative research is typically an interpretive research where
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researchers make sense of what they encounter; which is a function of their background
and understanding of the research in hand. In qualitative research, more focus is given
to develop the big picture with its natural complexity which constitutes a unique
characteristic of this kind of research (Creswell, 2007).`It is typically evaluated with nine
different criteria. First, purposefulness, where the method is chosen based on the
research questions and then the data is collected and analyzed using the chosen method;
not in a reverse order. Any underlying beliefs or assumptions that might affect the
interpretation and analysis of the data should be well identified. Rigor is explained when
the researcher shows objectivity and proper use of methods that help with data gathering
and analysis. Open-mindedness is reflected upon when the researcher is willing to adjust
some research components as needed as conflicting data emerges. Completeness is
another criterion where the researcher presents the event under study in its totality and
natural complexity which can be achieved by spending enough time on the site to project
all related aspects and provide a complete picture to the readers. Coherence is
demonstrated when the research findings are consistent and preliminary contradictions
in the data become confirmatory and homogenous. The seventh criterion is
persuasiveness; where pressing evidence is present to outweigh one interpretation over
the others. The agreement or consensus of professionals and academics in the research
area to the researcher’s approach and findings is essential to the qualitative research
evaluation. Lastly, the usefulness of the research findings in advancing the human
knowledge in the particular event under the study which will lead to interventions that help
enhance event outcomes forecasting and quality of life (Leedy & Ormrod, 2013).
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As a matter of fact, measurement makes data scrutiny, analysis, and interpretation
possible so the researcher can draw a well-informed conclusion. Measurement
instruments can take many forms such as a checklist to assess quality of a certain output
or a survey to evaluate employees’ perspective (Leedy & Ormrod, 2013). To improve the
chance that the researcher will reach a valid conclusion, the measurement instrument
used needs to have acceptable validity and reliability indications against its purposes.
However, the type of validity and reliability differ by the type of research questions, used
methodology, and gathered data; in other words, it is situation specific. Validity is about
the accuracy of the measurement instrument or how successful the instrument is in
measuring the targeted entity (Bashir et al., 2008; Cooper & Schindler, 2001; Jackson,
2006; Leedy & Ormrod, 2013; Runeson & Host, 2009). Measurement instrument validity
is how well the instrument actually measures the phenomenon. The validity question
would be: does the instrument actually measure the entity that the researcher is interested
in measuring?
Even though it is not an extremely dependable form of validity per se because of
its subjective nature, but face validity still offers an on the surface validation to the extent
an instrument is indeed measuring the intended attributes (Leedy & Ormrod, 2013; Rubio,
Berg-Weger, Tebb, Lee, & Rauch, 2003). Content validity is another manifestation of
validity that tests if all aspects of the content being measured are taken into account by
the measurement instrument (Cooper & Schindler, 2001; Jackson, 2006; Leedy &
Ormrod, 2013; Mathew, Field, & French, 2011; Rubio et al., 2003; Yaghmale, 2003). The
extent to which the instrument measures outcomes that are correlated to previously
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related outcomes or measures is called the criterion validity (Cooper & Schindler, 2001;
Jackson, 2006; Leedy & Ormrod, 2013; Rubio et al., 2003). The fourth form of validity is
called the construct validity which is used when a direct measurement of the
characteristics the researcher is trying to measure is not possible; the researcher should
have proof that the underlying construct is in fact being measured by their used approach
or questions (Cooper & Schindler, 2001; Jackson, 2006; Leedy & Ormrod, 2013; Rubio
et al., 2003; Runeson & Host, 2009; Yin, 2014). One of the methods researchers propose
to increase the validity of their measurement instrument is to be judged by experts, where
the measurement instrument is being well inspected by academics, experts, and
professionals in the field of the study and an informed opinion about the validity of the
measurement instrument is offered (Leedy & Ormrod, 2013).
Reliability is about the precision of the measurement instrument in yielding
consistent results (Bashir et al., 2008; Cooper & Schindler, 2001; Jackson, 2006; Leedy
& Ormrod, 2013; Runeson & Host, 2009; Yin, 2014). The more consistent results the
instrument produces, the more reliable it is. Similar to the validity of the measurement
instrument, the form of the measurement instrument reliability is situation dependent
which can take different forms. Interrater reliability is when similar decision or conclusion
is reached by two or more evaluators assessing the same entity. Another form of reliability
is called test and retest which occurs when identical results are reached in two different
attempts measuring the same entity. Reliability can be also increased when comparable
outcomes are reached using two instruments of the same type or what is called equivalent
forms reliability (Jackson, 2006; Leedy & Ormrod, 2013). The fourth form of reliability is
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the internal consistency that suits a measurement instrument which consists of several
measures; more specifically when all of these internal measures yield the same results
(Cooper & Schindler, 2001; Jackson, 2006; Leedy & Ormrod, 2013).
Generally speaking, validity and reliability performance are not totally independent.
Improved reliability is necessary for improved validity. When the validity of the
measurement instrument is improved, its reliability does improve accordingly. That is
when researchers are able to measure the targeted entity accurately, they measure it
consistently.
There are several ways which help improve reliability and validity. Reliability can
be enhanced by establishing specific criteria that help eliminate biases associated with
subjective judgments. Another way, is to ensure that the evaluator is well trained on using
the measurement instrument which will in turn increase the chances of obtaining
consistent results (Leedy & Ormrod, 2013). On the other hand, the validity of the
measurement instrument can be improved in different ways. One way is to look into the
literature for valid and proven measurement strategies. Another way is for the researchers
to consult and ask an expert in the field for feedback about the measurement instrument
they want to use. The third suggestion to increase measurement instrument validity is to
evaluate the instrument’s performance after conducting one or more pilot studies in order
to modify it as needed for better performance. A final note on measurement instrument,
that it should be explained in reasonable detail by researchers. They should also carefully
evaluate its validity and reliability because valid and reliable data is crucial in successfully
answering the research questions. To put research questions in context, it is essential to
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mention that data represents the connection between the truth and the research question
yet it is in a scattered state. Research methodology is what researchers use to draw
meaning and make sense out of the data. Research questions derive research
methodology which in turn leads to the data to be collected (Leedy & Ormrod, 2013).
Two major questions need to be asked when research validity is concerned. First,
does the data indeed support the reached conclusion with high level of certainty?
Secondly, is the reached conclusion generalizable on other similar real-life situations? In
attempts to answer these questions, internal and external validity are addressed.
Researchers do consider the internal validity aspect in order to increase their confidence
that the conclusion they reached through the cause and effect relationships are truly
warranted from the gathered data (Leedy & Ormrod, 2013; Runeson & Host, 2009; Yin,
2014). The research internal validity deals with the ability of the researcher to make an
accurate conclusion out of the available data yielded in the research (Leedy & Ormrod,
2013).
Researchers rely on several strategies to ensure the internal validity is taken into
account. One of these strategies is to set the study environment to be controlled,
standardized, and well managed. Another strategy is to conduct and compare several
different experiments as the experiment’s participants and administrators do not know
which participant a certain experiment is being conducted on. Some researchers use
unobtrusive technique as a strategy where the participants’ actions and interactions are
being recorded without their knowledge (Leedy & Ormrod, 2013). The fourth strategy is
to use what is called triangulation where data from different sources are collected with the
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hope that they all support the researcher’s hypotheses (Bashir et al., 2008; Leedy &
Ormrod, 2013; Savenye & Robinson, 2005; Yin, 2014).
Qualitative researchers typically use triangulation; however, they also use other
types of validity techniques. One of these techniques is for the researchers to spend
substantial period of time, about several months, on the site closely studying the event
under investigation and carefully looking for pieces of information that either backup or
disapprove their hypotheses. Another technique is the negative case analysis, where
contradicting cases are collected and studied in order to help the researchers revise and
enhance their theories accordingly. Sometimes researchers seek experienced opinion
from experienced individuals in the field to find out if they agree or disagree with the
researchers’ data explanations and conclusion. Some researchers choose to ask the
participants if they agree or disagree with the study conclusion and whether it makes
sense to them; this technique is called respondent validation. As explained so far, there
is a variety of strategies to enhance research validity; researchers need to carefully
choose the most appropriate strategy based on their specific research problems,
methodology, and the nature of the collected data (Bashir et al., 2008; Leedy & Ormrod,
2013; Runeson & Host, 2009); lastly, thick description, where adequate detailed
description about the event under study is provided; thus readers are able to easily draw
the conclusion (Bashir et al., 2008; Cibangu, 2012; Leedy & Ormrod, 2013; Runeson &
Host, 2009).
External validity is about the generalizability of the drawn conclusion to other
situations (Leedy & Ormrod, 2013; Runeson & Host, 2009). The research external validity
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is about the generalizability of the research results on other different cases. Typically,
there are three strategies researchers use to improve the study’s external validity. Realworld setting is one of these strategies where researchers choose to conduct their studies
outside the laboratories and in a real-world context. Representative sample is the second
strategy where researchers ensure that the chosen sample is a representative one,
therefore, increasing the chances that the research results are generalizable to other
contexts. The third strategy is replication in a different context where a conclusion is
reached for a certain study in a specific context and then replicated yet in a different
context and reaching the same conclusion. In this case a conclusion is more likely to have
enhanced external validity across different situations and thus more likely to be
generalized in other contexts (Leedy & Ormrod, 2013). It is worth mentioning that, high
commitment and desire must be truly shown by the qualitative researcher to tackle the
study in hand in order to produce effective results as qualitative research studies are
typically time consuming and resources exhaustive (Ejimabo, 2015).
3.2

Focus Group Method Literature Review

One method to generate and prioritize the VOC in a DFSS context is focus group
(Cavanagh, Neuman, & Pande, 2005). Typically, focus group method is used when little
is known about a certain phenomenon (Mary Blake & Terry Irvine, 2003). The main
objective of focus group method is to listen to participants and collect information in order
to better understand how different participants perceive a certain phenomenon (Beaudin
& Pelletier, 1996; Cooper & Schindler, 2001; Krueger & Casey, 2000). The basic idea is
to know how people really think and feel (Cooper & Schindler, 2001; Krueger & Casey,
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2000). It is an effective group interview technique for data generation and gathering
through participants’ expression for their point of views. It provides an insight about the
range of needs and ideas in a certain phenomenon (Halcomb, Gholizadeh, DiGiacomo,
Phillips, & Davidson, 2007). It is typically performed in a face to face setting, however, it
also can be performed vial the internet utilizing a web based medium, through a
videoconferencing tool, or over the phone (Cooper & Schindler, 2001). The needs of the
research study dictate the selection criteria of the focus group participants (Strickland,
1999). The focus group participants however, should be selected purposefully to enhance
research success. Focus groups should be formed in a way that allows more comfortable
environment that induces participants to speak their minds freely (Côté-Arsenault &
Morrison-Beedy, 1999). The researchers should be the one to select the targeted
individuals for a focus group membership that will be most beneficial to the research study
(Beaudin & Pelletier, 1996). An ideal focus groups consists of individuals who can offer
data that advances the researcher’s understanding of the phenomenon under the study
(Krueger & Casey, 2000). Typically, a focus group ranges between four or six and twelve
participants (Beaudin & Pelletier, 1996). However, other researchers suggest six to twelve
participants to be too large especially when a sensitive issue is being discussed (CôtéArsenault & Morrison-Beedy, 1999).
Focus group method is especially effective when service delivery and customer
needs are researched (Cooper & Schindler, 2001; Halcomb et al., 2007). It is typically
used to identify aspects that influence customer satisfaction (Krueger & Casey, 2000).
Through rich and in-depth insights, it teaches the organization how well a certain program
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is being delivered or how a potential program should be created. Therefore, it enhances
provider-customer relationship. It can be used to collect the VOC during the creation,
installation, or phasing-out of a program in a cost effective manner (Beaudin & Pelletier,
1996). This method represents a cost effective and flexible manner to obtain a participantcentric perspective about a certain phenomenon (Mary Blake & Terry Irvine, 2003).
A formal focus group protocol should be established which should include the time,
the venue, the duration, and the questions to be asked. There should be two or three
questions which work as a road map for group discussion (Beaudin & Pelletier,
1996).Typically the interaction is sparked through a sequence of open ended questions
that keep the interaction between the participants going in a discussion format (Mary
Blake & Terry Irvine, 2003). Questions used in a focus group should be sequenced in a
manner that makes it easy to understand by the participants. Such sequential approach,
also called question route, initiates the discussion with simple and more general questions
that get more focused as the discussion develops. Opening warm up questions should
be asked first to engage the group in the discussion followed by more specific and focused
questions (Côté-Arsenault & Morrison-Beedy, 1999; Krueger & Casey, 2000; Strickland,
1999). Thus, more valuable information is gathered towards the end of the focus group
discussion session. Participants should feel free speaking their minds and expressing
their feelings and comments with no pressure to reach consensus (Krueger & Casey,
2000). The more specific questions should be then asked all at once. The discussion
should be natural and welcoming to diverse ideas. However, it should be bounded by
carefully worded questions and guided by a highly skilled moderator or interviewer (Côté57

Arsenault & Morrison-Beedy, 1999). It is advised that clear topic and questions to be
identified. Focus group method is very useful when discussing issues with a specific
product or service, gathering information during the planning stage of product or service
introduction, or even after product or service introduction for evaluation purposes
(Beaudin & Pelletier, 1996).
It is helpful to have both a facilitator or an interviewer and a transcriber in the focus
group setting. The facilitator should be knowledgeable of research goals, making the
effort to keep participants focused while encouraging a free-expression attitude, and
making sure all participants are interactive. The transcriber however is a notetaker who
does more of a secretarial job; alternatively, some researchers use means such as
videotaping, voice recording, or a two-way-mirror approach (Beaudin & Pelletier, 1996).
Videotaping and voice recording means can be utilized in focus group sessions with such
acceptable redundancy as a mistake-proofing technique. The focus group discussion can
be audiotaped for further analysis (Strickland, 1999). At the beginning of the focus group
session, the facilitator or the moderator should introduce himself or herself, the
participants, and the topic, indicating the presence of a notetaker or a video or voice
recorders if any and stressing the confidentiality of all gathered information. The facilitator
should then introduce all participants to the focus group; introduce session information,
such as objectives, duration, and availability of refreshments, if any, emphasize the
importance of every participant’s opinions, thoughts, and experiences, as there is no
specific correct response.
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A focus group duration is typically between one to two hours but it can vary
(Strickland, 1999). The variation can be attributed to the number of points and the nature
of the topic to be discussed; one and a half hour to two and a half hours seems a
reasonable time frame. Fewer than twelve questions are reasonable enough to be
covered during the focus group session of ninety to a hundred and twenty minutes. At the
end of the focus group session, the moderator or the interviewer should conclude the
focus group session and generously thank all participants for their contribution, then pose
to answer any questions that participants might have (Côté-Arsenault & Morrison-Beedy,
1999).
A careful scrutiny of the gathered data can provide the researcher with valuable
insight about the phenomenon in hand (Krueger & Casey, 2000). The data analysis and
interpretation phase from a focus group method is conducted by the research team who
masters the related literature, has access to the various participants’ input, and acquires
a deeper understanding of the phenomenon of interest. The analysis phase is typically
qualitative in nature (Beaudin & Pelletier, 1996; Mary Blake & Terry Irvine, 2003). It
provides the basis for careful categorization through techniques such as inference and
generalization. One of the most important attributes of the focus group method is its ability
to derive a collective perception of a group (Halcomb et al., 2007). The researcher
however needs to reflect all participants’ standpoints as much as possible. Data credibility
can be enhanced using data triangulation (Mary Blake & Terry Irvine, 2003; Savenye &
Robinson, 2005). One of the goals of the focus group method is to analyze the discussion
in order to identify a collective response rather than individuals’ (Strickland, 1999). Focus
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group method can promote the development of a trust-based environment that derives a
collective group based solution as opposed to an individual based solution (Beaudin &
Pelletier, 1996). This is where the proper selection of the focus groups comes into play.
The degree of results’ generalizability is a function of the proper selection of the focus
group participants (Beaudin & Pelletier, 1996). Within group and among group data
analysis should be conducted by the researcher after each focus group session (CôtéArsenault & Morrison-Beedy, 1999).
A relationship of trust and collaboration could be established and maintained if the
focus group participants are more informed about the research study and its progress
which increases the research results quality (Mary Blake & Terry Irvine, 2003). For a
more engaging discussion a circular or a U-shaped arrangement is advised.
Refreshments items should be well planned in order to avoid having an untidy and
interruptive meeting; moreover, small snacks can be served (Côté-Arsenault & MorrisonBeedy, 1999). The use of incentives can bear fruits as it induces more effective discussion
and therefore more in-depth information generation. Attendance rate can be improved by
reminding participants one day prior to the focus group session date (Côté-Arsenault &
Morrison-Beedy, 1999). The researchers should conduct several focus groups until the
point of theoretical saturation is reached and that is when no new information can be
gathered, or when they recognize a repetitive pattern of information (Krueger & Casey,
2000). Typically, the output of a focus group session would be a set of ideas that would
be used further in the research (Cooper & Schindler, 2001).
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CHAPTER FOUR: THE FRAMEWORK
4.1

The CTQ Flowdown Conceptual Model Literature Review

In their research, Henk de Koning and Jeroen de Mast (de Koning & de Mast,
2007) built a model they named the Critical-To-Quality (CTQ) flowdown of project
objectives. This model or tool links the broad level strategic objectives to project
objectives and then links the project objectives to their CTQs and finally translates them
to operational terms as shown in figure 4. In addition to its obvious role as a connective
and integrative mechanism between the strategic focal objectives and the projects or
initiatives execution and measurement, the CTQ flowdown model also helps
organizations specify and narrow down the project objective definition, makes its business
rational perfectly clear, and specifies and concentrates on the true drivers of the business.
In the article, the authors provide the theoretical background of the CTO flowdown model
which can be used as a guide and template for practitioners to successfully and
strategically execute their projects. The authors state that, in addition to the absence of
project objectives clarity, the basis on which the project is defined is lacking elucidation.
They adopt the six sigma terminology for project measurable indicators named the CTQs.
The CTQ flowdown model was built based on several concepts that are found in the
literature. It consists of several canonical layers and relationships that are defined and
clarified by the authors. The CTQ flowdown model, as proposed by the authors, consists
of five layers; first, strategic focal points; second, project objectives; third, onedimensional variables (CTQs); fourth, additive constituents; and fifth, measurements. The
model also proposes that these five layers are connected by four linkages: action
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planning, which connects layers one and two; decomposition into dimensions, which
connects layers two and three; decomposition into additive constituents, which connects
layers three and four; and finally, operational definitions, which connects layers four and
five. In the first layer, the strategic level business objectives are defined to help guide and
concentrate the action at the strategic level of the business that stems from its own
strategy. Projects are then defined to move strategy into work and execution. Through
the definition of project objectives that determines project success. The first linkage
between the first layer of strategic focal points and the second layer of project objectives
is referred to in the literature as action planning, which translates strategic business
objectives into project objectives, well characterizes the project objectives, and clearly
articulates the relationship between strategy and strategy execution, which in turn helps
communicate the precise rationale of the project, its motivation, and its relationship to the
overall picture of the business strategy. The aim of the third layer of one-dimensional
variables (CTQs) is to make the project objectives more precise and measurable by
breaking them down into their composing dimensions through the second linkage that is
called decomposition into dimensions. The one-dimensional variables specified in the
third layer often can be decomposed into more detailed and specific constituents in the
fourth layer of additive constituents of the CTQ flowdown model. The linkage that
connects the third and fourth layers is named decomposition into additive constituents.
The specification of the additive constituents helps create the focus on the vital few which
lead to more focused project objectives and a more narrowed down and concentrated
scope. The fourth linkage to the fifth layer of measurement is called operational definitions
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where the CTQs are made measurable. In this layer, a measurement plan is set to
indicate what unit of measurement to consider when a datum is collected. Operational
definitions linkage represents a bridge between the CTQs and measurement and a link
between conceptual and experimental data. The authors conclude their research
reaffirming that quality improvement projects can encounter issues related to the absence
of clarity of project objectives and underlying assumptions and rationale. They argue that
the CTQ flowdown model will resolve these issues by several aspects. First, it links the
project objectives to the higher level strategic objectives clearing the way for the
organization to relate the project to the overall strategy and also validate it even before it
starts. Secondly, it helps organizations put the project in its strategic context and therefore
distinguish and exclude non-value added aspects of the project and also ensure that the
project is serving a greater strategic good. Thirdly, the CTQ flowdown model structure
strengthens the legitimacy of the assumption the project is based upon. Fourthly, the CTQ
flowdown model represents a tool that helps organizations communicate with a common
language. The authors also add that through the operational definitions in the
measurement layer, organizations can make the abstract and intangible terminology in
the first four layers clear and well defined. By quantifying and measuring the important
factors in the fifth layer, the CTQ flowdown model helps organizations focus more on the
vital few aspects that have the greatest impact rather than focusing on the trivial many.
Henk de Koning and Jeroen de Mast (2007) state, “A commonly used model to go from
a project definition to these specific measurable CTQs is the CTQ flowdown. It aims to
make explicit and structure the rationale underlying the project. It shows how CTQs relate
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to higher-level concepts such as performance indicators and strategic focal points.
Downward it shows how CTQs relate to measurements” (p. 20).

Figure 4: CTQ Conceptual Model. Adapted from (de Koning & de Mast, 2007, p. 22)
The CTQ flowdown model was used in several fields such as financial and
healthcare. Increasing local and international competition in the financial service is
evident. One strategy to face such fierce competition is enhancing the financial sector’s
operational efficiency and effectiveness. It is reported that approximately twenty percent
of the financial sector cost is attributed to inefficiency. Financial service organizations
apply Lean Six Sigma principles to improve their effectiveness and efficiency. The lack of
clear project definition however is one of the most important causes for improvement
quality initiatives failure. For that, in their research, Henk de Koning, Jeroen de Mast,
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Ronald Does, Thijs Vermaat, and Serge Simon (de Koning, de Mast, Does, Vermaat, &
Simons, 2008) provided standard project definitions for seven lean six sigma project
generic scenarios. The authors use the classification study approach to categorize the
seven standard lean six sigma project definition templates. Through their observation of
65 lean six sigma different projects in the financial service organizations arena, they
notice that many projects have similar goals and definitions. These seven standard
projects definitions can be used as templates by practitioners to develop a clear project
definition and firm business rationale. Project definition for each of the 65 projects include:
the business case and rationale of the project; high level project description, CTQs; and
CTQ measurement plan. The authors use the CTQ flowdown conceptual model of project
objectives to construct the projects definition templates. The CTQ flowdown model relates
and links the strategic objectives to the project objectives which are decomposed into
CTQs that in turn are made measurable. The first category is titled, decreasing cost by
improving process efficiency. Operational cost, which is mostly attributed to personal cost,
is the focal strategic point in this category. The focus of projects in this category is directed
to only headcount as a determinant for personal cost which is in turn decomposed into its
CTQs that are made operational by setting their measurement plan; the CTQ flowdown
and their operational definitions are illustrated in figure 5 and table 1 respectively.
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Figure 5: 1st Category CTQ Model. Adapted from (de Koning et al., 2008, p. 35)
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Table 1: 1st Category OP Definitions. Adapted from (de Koning et al., 2008, p.36)

The second category is titled, decreasing cost by using cheaper channels. In order
to enhance the level of the service provided by financial service organizations, many
processes have been automated. Projects in this category focus on maximizing the
number of processes that are executed automatically. The more automated processes,
the fewer headcount, and the less the personal cost. The CTQs and their operational
definitions are identified in figure 6 and table 2 respectively.
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Figure 6: 2nd Category CTQ Model. Adapted from (de Koning et al., 2008, p. 37)
Table 2: 2nd Category OP Definitions. Adapted from (de Koning et al., 2008, p. 37)
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The third category is titled, increasing revenue by increasing customer satisfaction.
Customer satisfaction influences both market share growth and price sensitivity.
Therefore, it is considered as a revenue driver. The CTQ flowdown in figure 7 indicates
that projects in this category focus on the service quality from which relevant CTQs are
derived and measured as shown in table 3.

Figure 7: 3rd Category CTQ Model. Adapted from (de Koning et al., 2008, p. 38)
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Table 3: 3rd Category OP Definitions. Adapted from (de Koning et al., 2008, p. 38)

The fourth category is Revenue enhancement by reaching and servicing additional
customers. Projects in this category aim at improving revenue as well. However, the focus
here is to enhance sales processes to sell more products and services. Improved revenue
can be achieved by either increasing the number of customers or increasing the sales per
customer. A generic CTO flowdown is developed as shown in figure 8 and relevant CTQs
with measurement plan are specified in table 4.
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Figure 8: 4th Category CTQ Model. Adapted from (de Koning et al., 2008, p. 39)
Table 4: 4th Category OP Definitions. Adapted from (de Koning et al., 2008, p. 39)

The fifth category of this seven-category-list is about reducing losses in the
operation. Operational loss is a constituent of revenue loss that can be classified as one
type of operational cost. It can be caused by a variety of reasons such as product flaws,
errors, accidents, and natural disasters. An example of an operational loss in the financial
service institution would be when an error occurs leading to granting lower interest rate
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to a client causing reduced revenue. The frequency of occurrence of operational losses
and the value associated with it are the two CTQs to be considered in the CTQ flowdown
model as described in figure 9. Unit of measurement, measurement plan, and desired
goals are also derived in table 5.

Figure 9: 5th Category CTQ Model. Adapted from (de Koning et al., 2008, p. 40)
Table 5: 5th Category OP Definitions. Adapted from (de Koning et al., 2008, p. 40)

The sixth category deals with Decision Making Enhancement. Top management
needs the right information at the right time to make informed and sound decisions about
crucial aspects in the organization. Three CTQs are identified and depicted in the CTQ
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flowdown shown in figure 10 to which an operational definition summary was set in table
6.

Figure 10: 6th Category CTQ Model. Adapted from (de Koning et al., 2008, p. 41)
Table 6: 6th Category OP Definitions. Adapted from (de Koning et al., 2008, p. 41)

The seventh and last category is to reduce cost and improve customer satisfaction.
This category is a combination of the first and third categories. Therefore, the CTQs and
the measurement plan of this category are combined from the first and the third
categories; the respective CTQ flowdown is shown in figure 11.
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Figure 11: 7th Category CTQ Model. Adapted from (de Koning et al., 2008, p. 42)
At the end of the research, the authors indicate that about six percent of the total
number of projects under the study could not be classified under any of these seven
project definition categories as they are hybrids. All the projects under study are collected
from one country, the Netherlands. The authors state that these seven categories offer
standard templates with solid business rationale and unambiguous project definition for
the majority of the lean six sigma projects in the targeted financial services sector using
the CTQ flowdown model. Finally, the researchers indicated that, literature related to the
BSC can be very beneficial in confirming that all related strategic objectives are covered
by the developed CTQ flowdown templates in a given organization (de Koning et al.,
2008).
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At a different end, healthcare is an improvement-demanding field. Inefficient usage
of operating rooms is a global problem. In their attempt to increase hospital operating
rooms efficiency, Ronald Does, Thijs Vermaat, John Verver, Soren Bisgaard, and Jaap
Heuvel (Does, Vermaat, Verver, Bisgaard, & Van Den Heuvel, 2009) conducted a study
on two Dutch hospitals to reduce surgery start time delay using the Six Sigma
methodology. The project team used the CTQ flowdown model to complete the project
definition phase. The CTQ flowdown helped the project team align the project objectives
to the strategic focal points or goals of the organization, derive the relevant, specific, and
measurable CTQs, relate the CTQs to the higher level objectives and downward to
measurement, and clarify the underlying logic of the project. The overall strategic
objective was to reduce the overall operational cost of the hospital. The relevant CTQ
flowdown model was constructed as shown in figure 12, indicating two CTQs: the time
when the first operation begins and the time required to switch between operations; both
are measured in minutes.
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Figure 12: Surgery Timing CTQ Model. Adapted from (Does et al., 2009, p. 97)
Post data analysis review suggests that surgery start time delay is influenced by
the type of anesthesia, specialty, and most importantly by the inadequate planning and
scheduling process. Implemented recommendations include straightforward rules: set
specific and strict arriving time for patients, ensure that patients have taken preoperative
medicines, and ensure a one-day notice is received by the anesthesiologist and the
referring department. One year after the implementation of these recommendations, the
first hospital realized savings of $100,000 and $350,000 in the second hospital. The
second hospital achieved additional $400,000 in savings from cutting more in operations
changing time and breaks. Both hospitals are able to boost the operating rooms capacity
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or the number of operations by ten percent with the same available resource (Does et al.,
2009).
Following the steps of Henk de Koning, Jeroen de Mast, Ronald Does, Thijs
Vermaat, and Serge Simon (de Koning et al., 2008), Joran Lokkerbol, Ronald Does,
Jeroen de Mast and Marit Schoonhoven (Lokkerbol, Does, de Mast, & Schoonhoven,
2012) studied 181 projects in the financial sector between 2004 and 2010 in order to
create relevant project definition categorizations and templates with a variety of project
objectives, responsible departments, and sizes. With the use of the CTQ flowdown, eight
standard project definition templates are developed. The CTQ flowdown helped move
improvement projects from abstract concepts into explicit, tangible, palpable, and
achievable templates for practitioners to choose what is suitable for project specifics. The
CTQ flowdown is a model that can relate strategic objectives and vision to those lower
level fundamental constituents. It constitutes the linkage needed to relate high-level
strategic objectives into more specific, achievable, and measurable metrics that pave the
way for clear project definition and increase the chances of successful project execution.
To grow revenue by improved clients value, is the first developed project definition
template. Projects that follow this template focus on increasing customer value to
enhance revenue. That happens through improved customer or consumer retention, price
elasticity, and demand. CTQ flowdown and operational definitions are shown in figure 13
and table 7 respectively.
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Figure 13: 1st Template CTQ Model. Adapted from (Lokkerbol et al., 2012, p. 989)
Table 7: 1st Template OP Definitions. Adapted from (Lokkerbol et al., 2012, p. 989)
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The second template is to improve revenue by improving sales. Projects which fall
under this template target to increase two goals; the number of customers and the sales
per customer in order to increase the revenue. Each one of these goals is decomposed
into more specific and well-defined measurable CTQs as shown in figure 14 and table 8
respectively.

Figure 14: 2nd Template CTQ Model. Adapted from (Lokkerbol et al., 2012, p. 990)
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Table 8: 2nd Template OP Definitions. Adapted from (Lokkerbol et al., 2012, p. 990)

The third template strive to increase revenue by increasing received payments
frequency. Projects under this template aim to realize enhanced revenue by collecting
cash from debtors in a timely manner. That can be done by lowering the number of
overdue bills or by shortening the duration of the overdue bills. The CTQ flowdown and
the associate operational definitions are also identified as shown in figure 15 and table 9
respectively.
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Figure 15: 3rd Template CTQ Model. Adapted from (Lokkerbol et al., 2012, p. 991)
Table 9: 3rd Template OP Definitions. Adapted from (Lokkerbol et al., 2012, p. 992)

In the fourth template however, projects focus on cost reduction through lowering
the number of staff. The fourth template is about lowering cost by improving human
resources efficiency. Employees’ reduction occurs in case of workload reduction or
employee productivity increment. Both scenarios are projected in the CTQ flowdown
shown in figure 16 and its associated measurement plan is shown in table 10.
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Figure 16: 4th Template CTQ Model. Adapted from (Lokkerbol et al., 2012, p. 993)
Table 10: 4th Template OP Definitions. Adapted from (Lokkerbol et al., 2012, p. 993)

The fifth template is about reducing purchasing costs. Projects that follow this
template aim at reducing the purchasing cost by reducing the individual contract average
cost or by reducing the number of contracts of a particular type of cost. The CTQ flowdown
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is developed and depicted in figure 17 and the operational definitions of the specific CTQ
are derived and described in table 11.

Figure 17: 5th Template CTQ Model. Adapted from (Lokkerbol et al., 2012, p. 994)
Table 11: 5th Template OP Definitions. Adapted from (Lokkerbol et al., 2012, p. 994)

Projects which aim to reduce operational losses are described in the sixth
template, that is to reduce operational losses. Two sides of operational losses are
identified; income and cost. On the income side, operational losses incur because the
revenue the organization is entitled to, is not always received or realized. While on the
cost side, operational losses are results of errors occurring in an organization. A
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representative CTQ flowdown is shown in figure 18 and the operational definitions are
developed in table 12.

Figure 18: 6th Template CTQ Model. Adapted from (Lokkerbol et al., 2012, p. 995)
Table 12: 6th Template OP Definitions. Adapted from (Lokkerbol et al., 2012, p. 995)

Improve decision making is the seventh template which indirectly influences
revenue or cost by providing the management with accurate and complete performance
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information needed to enhance management decisions. The operational definitions and
the CTQ flowdown for projects are derived and listed in figure 19 and table 13
respectively.

Figure 19: 7th Template CTQ Model. Adapted from (Lokkerbol et al., 2012, p. 996)
Table 13: 7th Template OP Definitions. Adapted from (Lokkerbol et al., 2012, p. 996)

The eighth and last template is basically the first and fourth templates combined
together in one template. The CTQ flowdown and the operational definitions for projects
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definitions that follow this template are actually the same as the first and fourth templates
combined. All the eight generic templates aim at revenue enhancement, business
decision-making improvement, and cost reduction. The CTQ flowdown constructed a
clear project definition which is an essential factor for successful project execution. At the
end of their study, the authors state that efforts should be directed to ensure that all
strategic focal points relevant to the financial services organizations are included in the
developed templates (Lokkerbol et al., 2012).
4.2

Framework Development

The creation of entirely new strategic internal processes is performed in the
internal process perspective of the BSC typically as a result of new strategy maps
formulation (Kaplan & Norton, 2008) in order to penetrate new markets, satisfy new
customers, or meet new needs for existing customers which can eventually contribute to
the realization of the organization’s strategic objectives (Kaplan & Norton, 1996a, 1996b).
Therefore, it is crucial for an organization to develop effective strategically required new
internal processes and excel at them to satisfy customers, achieve strategic objectives,
and prosper financially (Kaplan & Norton, 1992, 1996a) which in turn improves the
organization’s competitiveness and sustainability in the marketplace (Kaplan, 1994;
Kaplan & Norton, 2008). The developed framework shown in figure 20 represents a novel
comprehensive approach that aligns the strategy of an organization, new process
development, and customer requirements through the effective integration of the BSC
management system and DFSS process development methodology using the CTQ
flowdown model as an integrative component.
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The CTQ flowdown as conceptual model of project objectives represents a proper
mechanism that helps integrate the BSC and DFSS. This model properly relates and
connects the overall strategic goals to project objectives and relevant CTQs. It makes the
strategic rationale and basis of the project objectives crystal clear; which helps focus the
efforts on the true requirements of the business. It helps organizations successfully and
strategically execute projects, concentrate on the key factors that have the highest impact
on the business, and use a common language for communication. The developed
framework utilizes four layers and three linkages of the CTQ flowdown model which is
used to effectively integrate the BSC and DFSS. The strategic perspective of the business
is focused on in the first layer, the strategic focal point, where the need for new strategic
process development is formulated in the internal process perspective of the BSC. This
in turn ensures the project is serving a greater strategic good associated with relevant
strategic KPI which measures how successful the DFSS project in achieving the relevant
strategic targets. Transition from the BSC internal process perspective strategic level to
the DFSS DMADV define phase project objectives or strategy execution level is
performed in the second layer, project objectives. The first and second levels are linked
by action planning where strategic objectives are explained in terms of project objectives
which clarify and communicate the specific rationale of the project in its bigger strategic
context and help exclude non-value added aspects of the project. Project objectives are
then made even more specific and measurable in the third layer, one-dimensional
variables (CTQs), that is performed in the DFSS measure phase. The second and third
layers are connected by the decomposition into dimensions linkage. The CTQs identified
87

in the third layer are often times detailed in terms of their relevant additive constituents in
the fourth layer. The linkage between the third and fourth layers is called decomposition
into additive constituents which can also be detailed in the measure phase of the DFSS
DMADV methodology. Having aligned the BSC strategic focal point with the DFSS project
objectives and CTQs, the remaining phases of the DMADV methodology can now be
carried out producing designs which not only meet customer requirements and ensure
customer satisfaction, but also satisfy the strategic objective for which they are initially
established and meet its strategic target as measured by the relevant strategic KPI.
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A Framework to Align & Link Strategy and New Process Development
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Figure 20: The Developed Framework
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Design For Six Sigma DMADV Methodology
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Integrative Component: The CTQ Flowdown As a Conceptual Model of Project Objectives

In addition to the utilization of the CTQ flowdown model as an integrative
component to effectively integrate the BSC and the DFSS, the developed framework also
leverages the strengths of each model to contribute in bridging the gap between strategy
and execution and comes as a response to the intensive research that supports and
promotes such integration as thoroughly explained and cited in the literature review
chapter of this document. The BSC model puts the new processes in their strategic
context, the DFSS model provides the mean for customer based process design and
development, and the CTQ flowdown model systematically and seamlessly helps transit
the necessity for process development from the BSC strategic level to the DFSS
execution phases in order to produce customer-based, high performance, and cost
effective designs that can achieve improved customer satisfaction, move the organization
towards relevant strategic objectives, and ultimately enhance the organization’s financial,
competitive, and sustainable positions.
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CHAPTER FIVE: CASE STUDY AND SUMMARY OF RESULTS
5.1

Introduction

A top ten major global airlines company flies to more than one hundred and twenty
different destinations. It is based in city A which is considered its main flight station and
hub. The airlines company has three major out stations (OSs) in city B, city C, and city D.
The Radio Communications department (RC) manages, operates, and maintains
the airlines’ radio communication both within and outside of airports areas and both
domestically and internationally wherever radio communication expertise is required.
Especially within airport areas, radio communication is very crucial and operationally
critical. Radio communication systems owned by RC provide the required radio coverage
and service for ground teams and aircrafts’ crews as well as ground to air communication
to connect with the cabin crew prior and after takeoffs and landings. RC is based in city
A which hosts the RC management office, RC planning team, RC main operations and
maintenance team, and RC warehouse. Additional radio maintenance teams are located
in all of the other three OSs.
Nevertheless, the airlines company had been going through the privatization
journey as it used to be a government run establishment; at that time, RC used to provide
radio services to its customers in the airlines company at no charge. The communication
system that RC used to operate and provide radio services was an analog radio system.
Due to the recurring radio system failures and it inability to meet minimum customer needs
of continuous coverage and service availability, more than 70% of the customers
contracted with a third party that provides public Push to Talk (PTT) service.
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RC realized this increasing and worrying issue that affects both the critical
operations, as the public radio service is not a 100% secure, and customer satisfaction,
as they have to share the public network with all public users. Consequently, RC budgeted
for the purchase of a state-of-the-art multi-site digital radio system to be installed in all of
its four major hubs. The country-wide system consists of subsystems that were installed
successfully at sites in cities A, B, C, and D. As a result of the excellent radio coverage
and service availability the new digital system offers, in addition to the potential risks of
public communication in a highly secure and mission critical operations such as the
airlines’, all previously lost customers returned and contracted with RC for years to come.
As per the technical document of requirements provided by RC, the radio system
manufacturer built the new multi-site digital radio system to be capable of operating each
site independently or to allow a central controlling site (cities A, B, C, or D) where a master
system can easily be configured to monitor and control all four sub-systems’
characteristics and configurations such as radio system programing, frequency tuning,
right level assignment for other sites, and output power emission. RC management
decided to assign city A (where RC is based) as a central controlling site with master
system capabilities. It is important to note that, whether the sites are working
independently or interconnectivity, each subsystem can have the capability to perform
basic tasks such as radio grouping, regrouping, monitoring for operational performance,
and local radio set programing; the last is a prerequisite for a radio to be programed in
the system as stated earlier. However different tasks can be assigned by the master site.
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Additionally, remote access and operations rights can be granted for OSs to the master
system.
For the purpose of achieving the RC’s BSC internal process perspective strategic
objective of ensuring service excellence, and due to the newly controlled radio
management environment set by the new multi-site radio system, a new radio request
process needs to be designed to achieve the strategic target of cycle time not exceeding
five business days (currently measured at 12 business days) as a BSC KPI. The
developed integrated framework will be used to successfully execute this project taking
into consideration customer and strategy needs.
5.2

Define

Typically, the main objective of the define phase is to determine if the project is
worth execution (Gitlow et al., 2006). However, this project is predetermined very
important to be executed as it is initiated based on strategic and business needs indicated
by the BSC through the developed framework that integrates BSC and DFSS. In the
define phase the project should be selected, the problem should be identified, and project
goal should be established (Cavanagh et al., 2005; Voehl et al., 2014; Yang, 2005). The
business case, project plan, and team members should be developed (Watson, 2005).
Targeted customers should also be identified (Yang, 2005).
5.2.1 Timeline
A timeline has been developed for the airlines’ new radio request design process
project. The Gantt chart timeline in figure 21 identifies the major milestones of the DFSS
project.
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Figure 21: DFSS Project Timeline
5.2.2 Project Charter
The project charter constitutes a road map for the team members as it identifies
an essential overview of the project in terms of the project duration, goals, and business
objectives.
Project Name:
Airlines’ new radio request process design project
Project Duration:
October 25th, 2015 – March 09, 2015
Problem Statement:
Due to the centralized control nature of the new digital radio network/system, a
new radio request process needs to be designed for requesting customers located in the
OSs in order to meet the RC BSC strategic KPI, cycle time, with a target of five days or
less to ensure service excellence, the internal process perspective strategic objective.
Thus, an entirely new radio request process is going to be designed and tested using the
framework developed to properly align and link strategy with new process development
through the effective integration of the BSC and DFSS.
Business Objective:
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The business objective of the project is to ensure service excellence which is a
BSC internal process perspective strategic objective measured by cycle time. The
business strategic target is to achieve cycle time of five days of less. This strategic target
is also a service level agreement requirement (SLA).
Project Objectives:
The primary motive behind this project is to design a new radio request process
that meets customer and strategy requirements using the developed framework. Cycle
time of five days or less will be tested for final design verification at the end of the project.
RC management and planning help derive the project objectives using the integrated
framework taking into consideration the BSC strategy component. The strategic BSC
objective is to ensure service excellence. The two derived project objectives are to
improve radio management and to improve customer experience, please refer to figure
24 for more information.
Scope:
The scope of this project is to design a new radio request process using the
developed framework in order to achieve the strategic objective and its associated
targeted cycle time of five days or less.
Location:
Airline main hubs located at cities A, B, C, and D.
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5.2.3 Stakeholder Analysis
Stakeholder analysis can indicate the concerned parties that can influence the
DFSS project success. Such analysis can provide valuable information about how
stakeholders can contribute to the success of the DFSS project. Primary and secondary
stakeholders are identified in figures14, 15, 16, and 17.
Table 14: Stakeholder Analysis - Primary (1)

96

Table 15: Stakeholder Analysis - Primary (2)
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Table 16: Stakeholder Analysis - Primary (3)

Table 17: Stakeholder Analysis – Secondary
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5.3

Measure

The main objective of this phase is to collect the customer needs (Yang, 2005). In
the measure phase, the VOC should be understood and the CTQ should be identified
(Gitlow et al., 2006; Voehl et al., 2014; Watson, 2005). The CTQs can be determined
using QFD (Watson, 2005; Yang, 2005) . QFD is the essential tool used in a DFSS project
(Watson, 2005; Yang, 2005). It is an organized process that relies on the VOC to derive
the CTQs on which the design is based on (Evans & Lindsay, 2011; Voehl et al., 2014;
Watson, 2005). It is used when inventing new designs to meet what the customer
perceives to be required characteristics (Cavanagh et al., 2005). Organizations can
recognize many benefits by using QFD that includes, improved customer satisfaction,
increased market share, reduced time to market, and improved cross-sectional teamwork.
The House of Quality is the main tool used in QFD. It connects customer requirements to
design by using a meshing chain of houses of quality (Cavanagh et al., 2005). It organizes
and correlates different data sets in a matrix shaped tool. It basically has four major
elements: the whats, the design attributes as perceived by the customer, the hows, the
means through which the whats can be achieved, the correlation matrix which helps
evaluate the relationship of various hows, and finally the relationship matrix which helps
assess how the whats and the hows are related (Voehl et al., 2014). QFD can be very
useful in producing new ideas and making difficult decisions and trade-offs in the
development phase of the design (Cook, 2005). In services design setting, QFD can be
implemented in two phases (Yang, 2005). Basic essential customer wants are gathered
and the most appropriate hows are suggested through which the customer wants can be
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achieved. This can generate a set of CTQs that are used to generate design features
(Tennant, 2002). The sensitivity of customer voice is well-preserved during the course of
the DFSS project by the use of this key tool, the QFD (Watson, 2005). Thirty five airline
employees, representing the primary stakeholders participated in the focus group
sessions to first gather VOC and secondly to further specify and prioritize their
requirements.
The focus group sessions took place in all four airlines’ major hubs: cities A, B, C,
and D. Brainstorming is used to derive the VOC based on the two predetermined project
objectives as generated through the developed framework. The project objectives are
identified in the first place based on RC’s BSC strategic objective as dictated by the
developed framework. After the first round of focus group sessions, the researcher
analyzed input from all focus groups and classified them into five items as shown in table
18. A second round of focus group sessions are conducted to, first, confirm that the five
VOC items actually address customer requirements, secondly, to make the VOC items
more specific is possible, and thirdly, to prioritize the VOC. Table 18 shows a summary
of the prioritized VOC that are based on the DFSS project objectives derived from the
RC’s BSC strategic objective stemmed from the organization’s vision and mission as
illustrated by the developed framework in figure 20.

100

Table 18: Summary of VOC Ratings
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The prioritized list of VOC is used as an input -whats- to the first phase QFD.
Brainstorming is used to facilitate the deployment of the multi-phased QFD. Secondary,
more specific VOC are derived as hows of the first phase QFD. Priority fields, correlation

% Priority

To Adhere to ISO Standards

To Confirm Service and Radio Delivery To Customer

45.5 114.6 45.5 104.4 91.2

To Facilitate The New Radio Issue Request Process

66.8

To Increase Stakeholders Sense of Accountability and Responsibility

To Simplify and Control Communicatio n Between Different Departments and Sections

Priority (Points)

To Assure Proper Handling of Radio Assets/resources

% Priority

Priority (Points)

and relationship matrices are also derived accordingly as shown in figure 22.

%14.3 %9.7 %24.5 %9.7 %22.3 %19.5

Strong Relationship (5 Points)

Medium Relationship (3 Points)
Weak Relationship (1 Point)

Strong Positive Relationship

Preservation of Radio Assets

8.5 %22.3

Positive Relationship

Service Verification

6.6 %17.3

Negative Relationship

Expeditious Process Execution (Service Delivery)

9.1 %23.8

Strong Negative Relationship

Radio Records Update

8.1 %21.2

Effective Billing

5.9 %15.4

Figure 22: QFD Phase 1
102

Legends

The second phase of QFD uses the prioritized list of the first phase QFD hows as
an input or whats. A more specific set of prioritized hows are derived. Correlation and

"To Write What You Do and Do What y ou Write"

To Document Radio Service & Delivery To Customer

To Minimize Any Request Delay Caused By Radio S ervice Bi lling

To Minimize Any Request Delay Caused By Radio S ervice Pricing

To Minimize Any Request Delay Caused By Operational Evaluation

To Minimize Any Request Delay Caused By System Evaluation

To Minimize the Necessity For Radio Management Approval

To Utilize The Role of SLA

To Use an Assignment Process Mechanism

To Assign Contacts to channel request (Stakeholders)

To Reduce Inappropriate Radio Assignments

To Reduce Unwarranted System Alterations

% Priority

Priority (Points)

relationship matrices are also performed as shown in figure 23.

Priority (Points)

539.8 769 545.4 1199.8 296.6 364 227.5 227.5 227.5 227.5 1339.8 1358.9

% Priority

%7.4 %10.5 %7.4 %16.4 %4.1

To Assure Proper Handling of Radio Assets/resources

%5

Strong Relationship (5 Points)
Medium Relationship (3 Points)

Weak Relationship (1 Point)

%3.1 %3.1 %3.1 %3.1 %18.3 %18.6

66.8 %14.3

Strong Positive Relationship

To Simplify and Control Communication Between Different Departments and Sections

45.5 %9.7

Positive Relationship

To Increase Stakeholders Sense of Accountability and Responsibility

114.6 %24.5

Negative Relationship

To Facilitate The New Radio Issue Request Process

45.5 %9.7

Strong Negative Relationship

To Confirm Service and Radio Delivery To Customer

104.4 %22.3

To Adhere to ISO Standards

91.2 %19.5

Figure 23: QFD Phase 2
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Legends

The CTQ tree diagram is another mean to identify CTQs (de Koning & de Mast,
2007; Voehl et al., 2014) as depicted in figure 24.
CTQ Map
BSC Strategic
Objective

DFSS Project
Objectives

Primary Drivers
(Primary VOC)

Secondary Drivers (Secondary VOC)

Target

To Reduce
Unwarranted
System Alterations

Minimum (0)

To Reduce
Inappropriate Radio
Assignments

Minimum (0)

To Confirm Service
and Radio Delivery
To Customer

To Document Radio
Service & Delivery
To Customer

Ratio: Recorded/
Issued = 1

To Adhere to ISO
Standards

"To Write What You
Do and Do What you
Write"

To assure proper
Handling of Radio
Assets/resources

Preservation of
Radio Assets

CTQ

Effective Billing

Improve Radio
Management

Service Verification

Radio Records
Update

To Ensure Service
Excellence (Cycle
Time <5 days)
Through a Design of
New Radio Request
Process For Out
Stations

To Facilitate The
New Radio Issue
Request Process

To Minimize Any
Request Delay
Caused By Radio
Service Billing

Minimum (0)

To Minimize Any
Request Delay
Caused By Radio
Service Pricing

Minimum (0)

To Minimize Any
Request Delay
Caused By
Operational
Evaluation Feedback

Minimum (0)

To Minimize Any
Request Delay
Caused By System
Evaluation Feedback

Minimum (0)

To Minimize the
Necessity For
Management
Approval

To Utilize The Role
of SLA

Improve Customer
Experience

Layer 1: Strategic
Focal Point

Expeditious Process
Execution (Service
Delivery)

To Increase
Stakeholders Sense
of Accountability
and Responsibility

To Use an
Assignment Process
Mechanism

To Simplify and
Control
Communication
Between Different
Departments and
Sections

To Assign Contacts
to channel request
(Stakeholders)

Layer 2: Strategic
Focal Point

Linkage 1: Action
Planning

One-Dimensional Variable (CTQs)

Linkage 2: Decomposition
Into Dimensions

Figure 24: CTQ Map
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5.4

Analyze

The main aim of the analyze phase is to produce possible potential designs (Yang,
2005). High level designs are constructed (Cavanagh et al., 2005; Voehl et al., 2014;
Watson, 2005). Brainstorming can be used in this phase for alternative designs
generation purposes. Based on designs reviews the most preferable customer based
design is selected for detailed design (Yang, 2005). The winning alternative will be
designed in details in the following DMADV phase, design (Cavanagh et al., 2005; Gitlow
et al., 2006; Voehl et al., 2014). Six high level designs are developed. Brain storming
method is used to generate alternative high level design options from which a winning
design is selected based on designs reviews. The selected high level design is shown in
figure 25 followed by the five other alternatives depicted in figures 26 to figure 30.

Customer

To Deliver

Request Sent For Approval

System or/& Operational Issues

For Execution

Invoice

System or/& Operational Issues

Operational Issues

Radio
Maintenance
& Warehouse

Radio Planning
Confirm Execution

Request For Service
To Invoice

System or/& Operational Issues
Approval

Radio
Management

Figure 25: Selected High Level Design
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IT Backbone

Customer

To Deliver

Invoice
Request Sent For Approval

System or/& Operational Issues

Radio
Maintenance
& Warehouse

For Execution

Radio Planning

IT Backbone

Operational Issues
Confirm Execution
Request Executed

System or/& Operational Issues

Approval

Radio
Management

To Invoice

Figure 26: High Level Design - Alternative 1
To Deliver
Operational Issues

Customer

Request

Invoice

System or/& Operational Issues

Radio
Maintenance
& Warehouse

Confirm Execution

Radio Planning

IT Backbone

Operational Issues
Request Executed

System or/& Operational Issues

Approval

Radio
Management

To Invoice

Figure 27: High Level Design - Alternative 2
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Customer

To Deliver

Request Sent For Approval
Invoice

System or/& Operational Issues

For Execution
Operational Issues

Radio
Maintenance
& Warehouse

Radio Planning

Request For Service

IT Backbone

Confirm Execution
System or/& Operational Issues

Request Executed
Approval

Radio
Management

To Invoice

Figure 28: High Level Design - Alternative 3

To Deliver

Customer

Request Sent For Approval

System or/& Operational Issues
Invoice

Radio
Maintenance
& Warehouse

Operational Issues
For Execution

Radio Planning

Request For Service

Confirm Execution
Request Executed

Radio
Management

Figure 29: High Level Design - Alternative 4
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IT Backbone

Customer

To Deliver

Request Sent For Approval

System or/& Operational Issues

Invoice
Operational Issues

Radio
Maintenance
& Warehouse

Radio Planning

IT Backbone

System or/& Operational Issues
Confirm Execution

For Execution

System or/& Operational Issues

Request For Service

Radio
Management

To Invoice

Figure 30: High Level Design - Alternative 5
5.5

Design

The transition from high-level to detailed design is carried out in the design phase
(Gitlow et al., 2006). In the design phase, detailed design should be performed and plans
for verification should be fully derived (Cavanagh et al., 2005; Voehl et al., 2014; Yang,
2005). The selected high level design produced in the analyze phase is now designed in
substantial detail to enable it for pilot and full scale implementation (Watson, 2005). The
selected high level design produced in the analyzed phase is used to better understand
and get closer to the final detailed design as derived in the third phase QFD shown in
figure 31.
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Priority (Points)
6544 4209 8818.3 7280.3 5428.3 4973.3 8896.3 7816.7 12917 3979.4 3610.9 2502.5 682.5 2275 682.5 3979.4 11772 12419

% Priority
%6 %3.9 %8.1 %6.7 %5 %4.6 %8.2 %7.2 %11.9 %3.7 %3.3 %2.3 %0.6 %2.1 %0.6 %3.7 %10.8 %11.4

To Reduce Unwarranted System Alterations

To Reduce Inappropriate Radio Assignments
539.8 %7.4

769 %10.5

To Assign Contacts to channel request (Stakeholders)
545.5 %7.4

To Use an Assignment Process Mechanism
1199.8 %16.4

To Utilize The Role of SLA
296.6 %4.1

Strong Relationship (5 Points)

Medium Relationship (3 Points)

Weak Relationship (1 Point)

To Minimize the Necessity For Management Approval
364

To Minimize Any Request Delay Caused By System Evaluation
227.5 %3.1

To Minimize Any Request Delay Caused By Operational Evaluation

227.5 %3.1

Positive Relationship

To Minimize Any Request Delay Caused By Radio Service Pricing

227.5 %3.1

Negative Relationship

To Minimize Any Request Delay Caused By Radio Service Billing

227.5 %3.1

Strong Negative Relationship

To Document Radio Service & Delivery To Customer

1339.8 %18.3

"To Write What You Do and Do What you Write"

1358.9 %18.6
%5

Strong Positive Relationship

Legends

Figure 31: QFD Phase 3
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Keep an Appropriate Updated R ecord For Each Request at Each Step of The Process

Is sue Invoice Upon Operational R adio Delivery to Customer

Update Radio Service Fees Only Once Annuall y (Allows %10 Variation)

Ensure Operational Limitations Not Met Prior Project Kick Off

Proactively Evaluate & Update Radio System (Bi-Weekly) and Operational (Weekly) Status For any Potential
Limitations (Request fulfilment Delaying Factors)

Ensure System (Planning Section) Limitations Not Met Prior to Project Kick Of f

Radio Management Only Approves System and/ or Operational Limitatio n Report

Add Annual Customers Pre -Approved Radio Quantities in The SLA

Use a Fixed R adio Unit Fee in The SLA

Automate The Request Process with Designated Assignees

Assign a Focal Point For Radio Request Execution and Operational Evaluation (OS O&M)

Assign a Radio Planning Focal Point For Radio Project Management and System Evaluation (Radio Planning)

Assign an IT Backbone Focal Point For IT Request C oordination (Service Management)

Assign a Focal Point For IT Pricing & Billi ng (IT Commercial)

Assign IT B ackbone F ocal Point For Customer Interface (Account M anagement)

Assign Customer Focal Poi nts For Radio Requirements (SBU s Representative)

Designate a Central Warehouse in City A To Store and S hip Radios to OS s

City A O&M Performs Radio System Programming While Local Radio Programming can be done at the OS s

% Priority

Priority (Points )

Consequently, a detailed process design is produced as illustrated in figure 32.
Global Airlines OS New Radio Trunking Request Flow Chart
Radio Management

Radio Planning

City A Radio O/M &
Warehouse

OS O&M (Cities B, C, and D)

Request to Update
SLA with Planning/
System &
Operational Status
and Limitations

OS O&M Manager
Receives Radios

IT Backbone (Account Management, Service Management, IT Commercial)

January 1st?

Service
Management Rep.
Checks For Prices

Account
Management Rep.
Receives Request

Service
Management Rep.
Reflects Most
Updated Service
Prices in The SLA

Account
Management Rep.
Updates Prices if
Necessary

SBU (Customer)

SBU s Rep. Files
Request

Start

No

Planning Team
Manager

IT Commercial Rep.
Updates Service
Prices If Necessary

Manager Approval
Orders Warehouse
to Ship Required No.
Radios to OS

Warehouse Ships
Required No. Radios
to OS

Performs Local
Programming on the
Radio

Record
Update

Record
Update

Record
Update

City A O&M
Programs Radios in
The System

Account
Management Rep.
Checks SLA &
Request Details

Record
Update

Service
Management Rep.
Announces Project
Kick Off

Sends Radio ID s For
System Programing

No
Planning/System &
Operational
Limitations Met?

No
Record
Update

City A O&M Notifies
OS O&M Radios are
Operational

Record
Update

Periodically Checks
Operations Status &
Limitations (Weekly)

Prepares Planning/
System and/or
Operational Status
Report

Record
Update

Record
Update

No
Issues Rise?

SBU s Rep.

Start/End

Process/Job

Decision

Records
Update

Delivers Radios to
End User

Periodically Checks
Planning/System
Status & Limitations
(Bi-Weekly)

No

Account
Management Rep.
Closes Request

Record
Update

Record
Update

Issues Rise?

OS O&M Receives
End User Radios
Delivery Receipt

IT Commercial Rep.
Issues Invoice

Service
Management Rep.
Passes Invoice to
Account
Management Rep.

Account
Management Rep.
Passes Invoice to
SBU s Rep.

IT Backbone

Customer

Radio Planning

Radio Management

City A Radio O&M/
Warehouse

OS O&M

Notifies Radio
Planning Team with
Operations Status
Request Sequence Flow
Message
Record
Update

Record
Update

Sends End User
Delivery Receipt to
Service
Management

OS O&M Sends End
User Radios Delivery
Receipt To Radio
Planning

IT: Information Technology
O&M: Operations & Maintenance
Rep: Representative
Request: For New Radios at Out Stations
SBU: Strategic Business Unit

Record
Update

Service
Management Rep.
Orders To Issue The
Invoice

End

Legends

Figure 32: Detailed Process Design
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5.6

Verify

In the verify phase of the DFSS DMADV methodology, implementation of the
detailed design should be estimated or piloted to ensure detailed design is functioning
properly meeting customer and strategic performance targets. The piloted final design
should be handed over to process owner (Cavanagh et al., 2005; Gitlow et al., 2006;
Voehl et al., 2014; Yang, 2005). Customer is engaged in the pilot testing phase to witness
design details and performance prior to ownership transfer and full scale operations
(Watson, 2005).
As the case study progressed, cycle time is estimated and indicated a significant
improvement of 75% from twelve to only three business days which achieves the BSC
strategic target of cycle time less than or equal to five business days as well as the
customer requirements as reported through the VOC which accordingly moves the
organization towards its strategic objectives. The final detailed process design is handed
over to the process owner.
5.7

Framework Verification by Experts

A panel of experts can be very useful in providing insightful evaluation about the
quality of a newly developed measure (Rubio et al., 2003). In fact, such a panel is
recommended as a validation tool. As a result, in order to verify and confirm the developed
framework rationale, function, reliability, and accuracy of results, the researcher sought
opinions from a panel of experts. Experts are selected based on their relevant expertise
on the BSC and DFSS methodology. The researcher developed a survey to collect
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experts’ feedback and comments on the developed framework’s usefulness and efficacy
that properly align strategy, new process development, and customer requirements
through the effective integration of the BSC and DFSS. The survey can be found in
appendix B.
However, close attention should be paid when deciding who should join a panel of
experts. Selection should be based on the effectiveness of their feedback on the
phenomenon under study and the level of their motivation to participate as an expert
(Hasson, Keeney, & McKenna, 2000; Landeta, 2006). Sample bias needs to be avoided
when selecting a panel of experts by using dependable databases from which individuals
with relevant experience are chosen from (Mathew et al., 2011). Number of years in the
field or number of publications are two criteria to consider when selecting a panel of
experts (Rubio et al., 2003).
It is essential to note that, the more experts who are involved, the more data is
generated, yet a big pool of data leads to analysis and handling difficulties. It has been
shown that the highest cost-benefit can be achieved through a panel of expert of three to
six members (Mathew et al., 2011; Nielsen & Mack, 1994; Rubio et al., 2003)
Researchers should give potential experts at least one week to respond and
should provide incentives to increase participation rate; sharing a copy of the study
findings can be an appropriate incentive (Rubio et al., 2003). Once experts provide their
opinions, feedback is analyzed accordingly. A 100% agreement on topic is very difficult
to achieve. Thus, the percentage of agreement equivalent to a collective agreement
depends on the issue being voted on. A 100% agreement is required for an extremely
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vital or life and death issue whereas 51% is sufficient for issues with lower degrees of
cruciality (Keeney, Hasson, & McKenna, 2006).
A Likert scale was used for the survey question, with possible choices of strongly
disagree (1), disagree (2), neither agree nor disagree (3), agree (4), and strongly agree
(5). The survey was sent to eight experts, four BSC experts and four DFSS experts. The
responses from six experts were received, representing a participation rate of 75%. The
experts’ opinions are summarized in table 19.
Table 19: Experts Opinions Summary

The researcher believes that the gathered feedback and comments from experts
through the survey support that the developed framework properly aligns strategy, new
process development, and customer requirements through the effective integration of
BSC and DFSS methodology and therefore verifies the developed framework rationale,
function, reliability, and accuracy of results. Selected expert opinion responses can be
found in appendix C.
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CHAPTER SIX: CONCLUSION AND FUTURE RESEARCH
6.1

Conclusion

In order for organizations to be competitive and sustainable in present marketplace
rivalry, they need to concentrate not only on improving current processes, but also on
creating new ones. When organizations create new strategy maps, often, totally new
processes need to be created so strategies can be executed and relevant strategic
objectives can be achieved. The need to formulate new strategy maps and create new
strategic internal processes originate when an organization needs to penetrate into a new
business arena, satisfy new customers, or deliver on emerging needs of existing
customers. Thus, it is vital for an organization to design robust, strategically required, new
internal processes and excel at them to ultimately progress towards achieving strategic
objectives, improve customer satisfaction, and thrive financially, thereby placing itself in
advantageous competitive and sustainable positions.
This document investigates and describes the evolution, implementation, and
verification of a framework that properly aligns and links an organization’s strategy and
new process development through the effective integration of the BSC and the DFSS,
using the CTQ flowdown model as an integrative mechanism.
The developed framework aligns corporate strategy and new process
development in order to bridge the gap between the development and execution of an
organization’s strategy. It helps tie the BSC strategic objectives to the DFSS project
objectives and Critical-To-Quality characteristics. The CTQ flowdown model provides the
alignment between the DFSS project objectives to the strategic focal point of an
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organization which is derived from the BSC internal process perspective. This integrative
component facilitates the identification of the key relevant CTQs important for strategy
execution and DFSS project success. Additionally, the CTQ model offers a common
language by which to clarify the business rationale of a project, that is important for
optimal strategic payoff. The developed framework leverages the strengths and
drawbacks of the BSC and DFSS to close the gap between the strategy and execution
levels. It also represents a response to the extensive existing research, which justifies
and supports such integration. This synergy creates the required link between strategy
and quality initiatives for successful strategy execution. It utilizes the DFSS reliance on
VOC and statistical analysis in addition to the BSC features such as sense of integration,
top management support, and proper project selection in order to create Six Sigma,
customer based, and cost effective designs for new processes strategically needed
through the BSC strategy maps. As the DFSS project is put in its strategic context linked
to the high level BSC strategy, organizations can achieve strategic objectives, improve
customer satisfaction, and enhance business results as customer requirements and
strategy maps are incorporated.
A case study was carried out where the developed framework was implemented
in a real-world environment. Estimated results indicated that cycle time, a BSC strategic
KPI, showed a substantial improvement of 75% and thus moved the organization closer
towards achieving its strategic objectives and commitment to customers and
shareholders. Moreover, to verify the developed model, expert opinion was performed to
collect feedback from eight experts in the BSC and DFSS. The expert opinion survey
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revealed favorable responses verifying the framework’s effectiveness, reliability, and
usefulness.
In conclusion, the developed framework properly translates strategic focal position
into project objectives and CTQs, helping organizations seamlessly transitioning from a
strategic position to process development and from where they are to where they strive
to be, laying the background needed for customer satisfaction and breakthrough
performance.
6.2

Future Research

This research opens the door for future research to evolve. Empirical research
on the implementation of the developed framework in a product development arena is
needed to realize its effectiveness in a manufacturing setting. Multiple comparative case
studies are also needed in the service sectors to duplicate the framework implementation
and results in order to increase its reliability. As the causal relationship mandating the
strategy maps of BSC changes in the not-for-profit organizations, as it points towards the
customer perspective, more research studies can be conducted to evaluate the impact of
applying the developed framework in such field. These studies will strengthen the
framework effectiveness, usefulness, reliability, and quality of potential output. Much
more research should be performed to contribute in bridging the gap between strategy
and execution. For example, quality tools and models that are strategically beneficial
should be researched for the possibility of integration with strategy management systems.
Moreover, instead of just using it as a tool to align project definition to strategy,
research studies can investigate the possibility of using the CTQ flowdown model to
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capture all critical-to-quality characteristic of a given organization across all four
perspectives. Additionally, in contrast to this research that investigates the strategy and
process development integration, a research study can be dedicated to use the CTQ
flowdown model to properly align and link strategy and improvement initiatives, namely
the DMAIC methodology. All of the above research opportunities would hopefully boost
the literature, especially in a research poor area such DFSS, constitutes only 20% of the
Six Sigma literature. This increase in amount of literature, hopefully would expose this
useful framework both to more academics and practitioners so that they can build on it
and benefit from it.

117

APPENDIX A: STUDY IRB APPROVAL
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APPENDIX B: EXPERT OPINION SURVEY
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An Integrated Design For Six Sigma-Based Framework to Align Strategy, New Process
Development, and Customer Requirements

Expert Opinion Survey: Validation of Research Recommendations
______________________________________________________________________

Dear Mr./Ms._____________:
As an expert in the Balanced Scorecard/Design for Six Sigma, your evaluation,
feedback, and comments will help in the verification of the developed framework’s
usefulness and efficacy to align strategy, new process development, and customer
requirements through the integration of the Balanced Scorecard and Design for Six
Sigma.

If

you

have

any

query,

please

contact

the

researcher

via

mohammed_ali@knights.ucf.edu Thank you for your kind participation and your valuable
time.

Sincerely,
Mohammed Alghamdi,
Researcher
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The Developed Framework
A Framework to Align & Link Strategy and New Process Development
Layer 1
Strategic Focal
Point

Layer 2
Project Objectives

Model

Internal Processes
Perspective
Strategic
Objectives

DFSS/DMADV Project
Objectives

Define
Development
Project Definition
Project Objective #1

Project Objective #2

Project Objective #3
Linkage 2
Decomposition into
Dimensions

CTQ
(aggregate)

CTQ 5

CTQ 6

CTQ
(aggregate)

CTQ 10

Analyze

Analyze
Conceptual Design

Design

CTQ 7 CTQ 8 CTQ 9

Design
Detailed Design

Verify
Test Validate &
Implement
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Design For Six Sigma DMADV Methodology

CTQ 2 CTQ 3 CTQ 4

Measure
Requirements
Definition

Verify

CTQ 1

Linkage 3
Decomposition into
Additive
Constituents

Layer 3
One Dimensional
Variables (CTQ s)

Linkage 1
Action Planning

Layer 4
Additive Constituents

BSC Strategic Objective
Stemmed from the
Mission and the Vision
of the Organization

Sub-Model

Balanced
Scorecard

Integrative Component: The CTQ Flowdown As a Conceptual Model of Project Objectives

Please rate how strongly you agree or disagree with the following statements:
1: Strongly Disagree
5: Strongly Agree
The developed framework properly aligns strategy, new 1
2
3
4
5
process development, and customer requirements through
the effective integration of the Balanced Scorecard and the
Design for Six Sigma

Comments:

End of Survey
Thank you for your valuable time and kind feedback!
Mohammed Alghamdi
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